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PATTERNMAKING. 

(PART  1.) 


GENERAL    CONSIDERATION    OF 
PATTERNMAKING. 


INTRODUCTORY. 

!•  The  production  of  ordinary  metal  castings,  such  as 
those  of  iron  or  brass,  involves  three  distinct  operations. 
First,  a  form  is  made  very  nearly  like  that  required  in  the 
casting.  This  form  is  made  of  wood  or  some  other  easily 
shaped  material,  and  is  called  the  pattern.  Next,  from 
this  pattern  a  mold  is  made  in  sand  or  in  some  other  sub- 
stance that  is  refractory  enough  to  withstand  the  action  of 
molten  metal.  Lastly,  the  metal  is  melted  and  poured  into 
this  mold.  Each  of  these  operations  requires  special  skill, 
and  has  given  rise  to  a  special  trade,  though  the  latter 
two — the  molding  and  founding — are  often  performed  by 
the  same  person. 

These  operations  are  sometimes  so  intricate  and  admit  of 
so  much  variety  that  the  above  statements  are  true  only  in 
the  main.  The  molder  may  make  his  own  pattern  out  of 
clay,  or,  if  it  should  be  necessary  to  use  it  a  large  number  of 
times,  he  will  make  it  of  some  hard  metal;  or  he  may  make 
the  mold  itself,  or  a  portion  of  it,  of  metal ;  and  so  on  through 
a  multiplicity  of  changes  that  are  constantly  occurring 
where  a  business  is  made  of  producing  a  variety  of  castings. 
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2  PATTERNMAKING.  §  31 

Nevertheless,  the  main  facts  hold  true,  and  the  pattern- 
maker is  understood  to  be  a  wood  worker,  and  the  molder  is 
one  that  makes  the  molds  only,  while  the  founder  has 
charge  of  the  furnace  and  melts  the  metals. 

In  the  first  of  these  operations,  that  of  the  patternmaker, 
there  is  needed  a  fair  degree  of  skill  in  the  arts  of  cabinet- 
making  and  of  wood  turning,  for  patternmaking  consists 
largely  of  fitting  joints  and  making  circular  forms;  conse- 
quently, the  patternmaker  must  be  familiar  with  the  use  of 
the  tools  of  these  trades. 


PATTERNS  AND  CORE  BOXES. 


PATTERNS. 

2.  Definition  of  Pattern. — So-called  patterns  are 
often  not  actual  patterns  of  required  castings,  therefore  the 
following  may  be  accepted  as  a  definition  of  a  pattern : 

/;/  connection  linth  the  foundry  and  machinery  bnsiness,  a 
pattern  is  understood  to  be  a  form  by  the  use  of  which  a  moid 
may  be  made. 

3*  Materials  Used  in  Patternmalcins. — A  pattern 
is  usually  made  of  wood,  metal,  rubber,  or  plaster.  By  far 
the  most  common  are  the  wooden  patterns  because  of  the 
comparative  cheapness  of  this  material,  the  ease  with  which 
it  may  be  given  required  shapes,  its  lightness,  firmness,  and 
the  possibility  of  preparing  its  surface  to  withstand  the 
action  of  the  moist  sand  in  the  mold.  The  use  of  wood  in 
making  patterns  is  so  nearly  universal  that  the  pattern- 
maker is  always  understood  to  be  a  wood  worker. 

Where  patterns  are  required  to  preserve  their  exact  shapes 
during  constant  use,  they  are  made  of  metal,  by  first  pre- 
paring wooden  patterns  and  finishing  the  castings  obtained 
from  these  to  be  used  as  patterns.  In  making  a  wooden 
pattern  for  an  iron  pattern,  it  is  necessary  to  make  a  dou- 
ble allowance  for  shrinkage. 
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cnnes  akd  corb  boxrr. 
4.      McanlaK  »f  tliu  Terms  Core  and  Core  Box. — 

When  hollow  castings  are  wanted,  or  castings  with  holes 

through  them,  it  is  cuatum- 

ary   to   make   a    pattern   of 

such  form  that  it  will  leave  a 

body   of   sand  in  the    mold 

about  which  the  melal  will 

run.     The  body  of  sand  lel'i 

in  the  mold  forms  the  desired 

hole   or   opening,   as   shown 

at  a.  Pig,  1,     Such   a  body 

of  sand  projecting  into  the     ;,      .,..,.,  ..  '  '..■'".r. 

mold  tu  form  an  opening  in 

a  casting  is  called  a  core  and  "^' '" 

may  be  left  by  the  pattern  itself,  as  shown  in   Fig.  1,  or  it 

may  be  formed  in  a  separate  device,  called  a  cort^  box,  and 

placed  in  the  mold  after  the  pattern  is  removed. 

not  possible  or  when  it  is 
left  by  the  pattern,  they 


■Way  be  t-.'i 


iupji-jtc    devices    called   core   boxes. 
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The  core  box  is  considered  a  part  of  the  pattern,  or  pat- 
terns, with  which  it  goes,  the  pattern  and  core  box  together 
forming  a  set.  In  Fig.  2  {ti)  is  shown  a  pattern  having 
core  prints  b  and  r.  The  core  box  for  making  the  necessary 
core  is  shown  in  Fig.  2  (i)  and  the  mold  with  the  core  in 
place  is  shown  in  Fig.  2  (c).  It  will  be  noticed  that  the 
ends  of  the  core  prints  b  and  c  are  made  tapered,  as  shown 
at  a,  so  as  to  enable  them  to  be  withdrawn  from  the  sand 
■  easily. 

6.  Metal  Core  Boxes. — When  a  large  number  of 
standard  cores  of  the  same  size  are  required,  as,  for  instance, 
the  small  cylindrical  cores  used  In  making  holes  through 


the  hubs  of  pulleys,  and  in  similar  work,  metal  core  boxes 
are  employed,  which  may  be  purchased  from  supply  houses. 
These  are  of  standard  sizes  and  are  made  of  iron  or  brass. 
One  form  of  metal  core 
box  is  shown  in  Fig.  3. 
At  a  both  portio'ns  of 
the  core  box  are  shown 
together,  while  at  b  one 
half  of  the  box  is  shown, 
illustrating  the  manner 
in  which  the  halves  are 
joined  together  by  means 
of  two  long  tongues  and 
grooves. 

7.     Partial     Cor« 

BoxcM.' — Very  often  in 
the  case  of  symmetrical 
cores,  the  box  is  made 
for  a  portion  of  the  core 
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only.  In  the  case  of  cylindrical  cores,  only  half  boxes  need 
be  made,  and  two  of  the  cores  from  such  a  box  may  be 
pasted  together,  as  shown  in  Fig.  4  (a).  Fig.  4  (d)  shows 
the  box  in  which  the  half  cores  were  made. 

This  same  principle  may  be  used  in  the  case  of  very 
heavy  work,  as,  for  instance,  the  rims  of  flywheels,  which 
may  be  formed  by  placing  large  cores  in  the  mold.  In  fact, 
sometimes  a  symmetrical  mold  like  a  flywheel  is  built  up 
almost  entirely  from  cores. 

Core  boxes  require  as  great  care  in  their  manufacture  as 
patterns,  and  as  much  thought  must  be  given  to  their 
shape,  durability,  and  finish.  The  shape  of  the  pattern  is 
nearly  like  that  of  the  required  casting,  except  that  it  may 
have  no  holes  in  it.  The  openings  in  the  core  box  resem- 
ble the  openings  in  the  casting. 

8.  Uae  of  Burning  Irons. — Where  small  holes  are 
required  in  patterns  that  are  intended  to  form  their  own 
cores,  they  are  frequently  formed  by  means  of  burninfj: 
irons.  This  is  resorted  to  especially  in  the  case  of  small 
vertical  cores.  The  burning  irons  are  round  or  square, 
according  to  the  shape  of  the  hole  desired,  and  are  given 
a  great  deal  of  taper  lengthwise,  about  1  inch  in  9  inches. 
They  should  be  finished  evenly  on  their  surfaces  and  not 
heated  above  a  cherry  red  when  in  use. 


CORE   PRINTS. 

9.  General  Consideration. — When  the  cores  are 
made  in  boxes  and  inserted  in  the  mold,  it  is  necessary  that 
they  should  be  supported  in  siich  a  manner  that  there  will 
be  no  chance  for  a  change  of  position  during  the  time  the 
mold  is  being  filled  with  the  molten  metal.  To  give  the 
cores  this  support,  special  recesses  are  made  in  the  mold  to 
receive  them.  These  recesses  are  made  by  attaching  pieces 
called  core  prints  to  the  pattern,  as  shown  at  a  and  d, 
Fig.  5  (a). 
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to.  Core  prints  are  usually  colored  differently  from 
the  rest  of  the  pattern  so  that  the  moltler  may  easily  dis- 
tinguish where  the  cores  are  to  be  placed.  As  cores  are 
always  a  source  of  more  or  less  trouble  in  a  mold,  the  print 
should  be  made  of  such  a  shape  and  size  as  will  give  the 
least  inconvenience  to  the  molder.  The  core  should  exactly 
fill  the  recess  left  by  the  print,  and  the  core  print  should  be 
of  such  a  size  that  the  recess  left  in  the  sand  will  not  be 
crushed  out  of  shape  by  the  weight  of  the  core  or  the  action 


of  the  molten  metal.  Core  prints  should  be  tapered,  sothat 
the  trouble  of  withdrawing  the  pattern  from  the  sand  may 
not  be  increased  by  tlieir  presence,  and  also  that  a  core 
may  be  easily  adjusted  in  place.  Prints  for  vertical  cores 
should  be  tapered  in  their  length,  and  some  patternmakers 
prefer  to  give  the  most  taper  to  the  upper  core  print,  as 
shown  at  a.  Fig.  5  (a).  In  Fig.  5  {b)  is  shown  a  mold 
made  by  the  pattern  illustrated  in  Fig.  5  {a).  The  ends  of 
the  core  c  fit  in  the  recesses  left  by  the  core  print,  as  shown 
at  a  and  b.  Some  patternmakers  make  the  lower  print 
almost  parallel  and  of  the  same  diameter  as  the  core,  so 
that  different  lengths  of  core  can  be  made  in  the  same  box. 

1  1.     Standard  Core  Printtt  and  Hub« — It  is  always 

best  to  adopt  a  standard  system  for  core  prints,  especially  for 
those  intended  for  vertical  cores.  These  core  prints  may 
be  turned  up  in  pairs,  having  small   projections  on  them 
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that  act  as  dowel-pins  to  locate  them  correctly  ii)  the 
hubs.  Fig.  6  illustrates  a  set  of  core  prints  ranging  from 
^  inch  to  2  inches  in  diameter  at  the  large  end,  and  all 
having  yV'"^!^  P'"^  f*""  locating  them. 


In  like  manner,  the  hubs  required  on  pulleys  and  gears 
should  be  reduced  to  a  standard,  and  Fig.  7  shows  four 
standard  hubs  arranged  according  to  such  a  system.  It  will 
be  noticed  that  each  hub  has  a  ■j''j-inch  hole  in  one  face  to 
receive  the  pin  on  the  core  print,  while  on  the  opposite  face 


T" 


^ 


^Eizr 


there  is  a  1-inch  pin  that  fits  into  the  pattern  and  locates 
the  hub.  By  adopting  such  a  series  of  standards  as  this,  it 
is  very  easy  to  change  the  size  of  hub  or  core  in  gears  or 
pulleys  within  quite  a  wide  range,  and  thus  make  the  reg- 
ular patterns  that  the  shop  may  have  available  for  a  much 
wider  range. 
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1 2.  Special  Core  Prints. — Very  often  the  shape  of 
the  core  print  is  changed  to  fit  some  condition  in  the  mold- 
ings as,  for  instance,  in.  Fig.  8,  a  illustrates  a  required  cast- 
ing in  which  the  core  is  some  distance  from  either  face. 
In  order  to  support  the  ends  of  the  core,  the  prints  are 
made  of  a  special  form,  as  shown  on  the  pattern  at  b.     It 


will    be  noticed  that  the  prints  have  been  carried  to  the 

upper  face  c  of  the  pattern.  The  core  is  made  in  a  special 
core  box,  so  that  it  has  end  projections,  or  lugs,  that  will  fit 
the  special  prints  formed.  The  completed  core  is  shown 
at  (/,  and  at  e  the  core  is  shown  in  place  in  the  mold. 

At  other  times,  it  becomes  necessary  to  introduce  a  core 
that   does  not  pass  entirely   through  the   work,  and   that 
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might  have  a  tendency  to  fall  down  in  the  mold.  A  pat- 
tern for  such  a  piece  is  shown  in  Fig.  9.  The  core  print  a 
is  made  long  so  that  when 
the  core  is  in  place,  a  little 
more  than  half  of  it  will 
rest  in  the  portion  of  the 
mold  formed  by  the  print. 
By  having  the   core   print  fio.  9. 

a  very  little  smaller  in  diameter  than  the  core,  the  mold 
will  pinch  the  core  and  hold  it  so  firmly  that  there  is  no 
danger  of  its  slipping  out  into  the  mold. 


MATERIALS  EMPLOYED  IN  PATTERN- 
MAKING. 


W^OOD. 

13.  Relation  Beti^een  Number  of  Castings  and 
Character  of  Pattern. — The  cost  of  a  pattern  or  the 
amount  of  work  bestowed  on  it  should  depend  on  the 
number  of  castings  to  be  made.  When  but  one  casting  is 
wanted  and  the  pattern  is  not  likely  to  be  required  again, 
the  pattern  or  device  required  for  making  the  mold  should 
be  as  inexpensive  as  possible,  both  as  regards  labor  and 
material.  To  fulfil  this  requirement,  skeleton  patterns,  or 
part  patterns  in  the  case  of  symmetrical  work,  are  very 
largely  used,  and  these  will  be  described  in  detail  later. 

Standard  patterns,  or  those  that  are  often  used,  should  be 
made  with  great  care,  always  having  in  mind  that  the  cost 
of  the  casting  depends  as  much  on  the  pattern  as  on  the 
work  of  the  molder.  If  the  molder  must  patch  up  each 
mold  on  account  of  the  fault  of  a  cheaply  made  pattern, 
it  would  pay  to  destroy  such  a  pattern  and  make  a  better 
one,  if  there  were  no  other  remedy  for  the  trouble. 

1-4.  General  CharacteriMtlcs  of  IVood. — For  pat- 
ternmaking,  clear,  dry,  white  pine  has  generally  been  found 


10  PATTERNMAKING.  §  31 

to  be  the  most  suitable  material.  Occasionally,  when  a  large 
number  of  castings  is  required  from  a  small  pattern,  it  is 
made  of  hard  wood,  such  as  mahogany  or  cherry. 

One  of  the  difficulties  with  which  wood  workers  have  to 

contend    is  the  change  in  shape  due   to  the  warping  and 

shrinking  of  the  wood.     As  pine  is  the 

r  /     chief  material  used  torpatternmaking, 

a  brief  study  of    its   nature   and   the 

J-  ,    reasons  for  its  warping  is  here  taken 

up      Fig.  10  illustrates  a  section  of  a 

log      It  will  be  noticed  that  the  end 

grain   shows   a   series    of    concentric 

rings      The   number   of    these    rings 

corresponds  approximately  to  the  number  of  years  that  the 

tree  has  lived.     Running  at  right  angles  to  these  rings  are 

other  lines  commonly  called  mediillary,  or  silver,  rays.      All 

logs  arc  also  composed  of  two  parts,  called  the  sap -7i.'ood  and 

the  heart-xuood.     The  sap-wood  is  the  more  recent  growth 

and  forms  a  comparatively  thin  layer  at  the  outside  of  the 

.  log.     It  is  usually  not  so  firm  as  the  heart-wood,  but  is 

more  liable  to  change  its  shape  and  to  decay,  hence  its  use 

should  be  avoided  whenever  possible. 

15.  Microscopic  Section  of  Wood.— Fig.  11  illus- 
trates a  microscopic  section  of  pine  wood  magnified  seventy- 
six  times.  The  dark  tine  of  cells  from  *  to  c  indicates  the 
line  between  two  of  the  concentric  rings  of  the  tree.  In 
the  portion  bdc^  it  will  be  noticed  that  the  cells  are  large 
and  open.  This  represents  the  summer  growth.  In  the 
portion  bcfe,  the  cells  are  small  and  close.  This  portion 
represents  the  fall  iiiid  winter  growth,  while  the  portion 
f /a-- represents  the  spring  and  summer  growth.  The  large 
opening  at  fl  is  a  resin  duct.  The  small  spaces  enclosed  by 
the  cell  walls  are  filled  principally  with  water,  which  must 
be  almost  entirely  driven  out  before  the  wood  is  fit  to  use 
in  making  patterns.  As  the  water  leaves  the  wood,  the  cell 
walls  shrivel  slowly  and  the  wood  as  a  whole  shrinks,  this 
shrinkage  taking  place  mostly  across  the  grain  of  the  wood. 
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'riu-  nmouiit  of  slirinkage  along  the  grain  is  so  sinall  lliat  it 
ntfd  not  be  considered.  This  driving  out  of  the  moisture 
and  the  conseqnent 
shrinkage  of  t  he  wood 
is  called  Staso'ting. 

16,  Seasofilns 
Wood.  —  Wood  in- 
lunded  for  pattern- 
making  should  be 
well  seasoned ;  that 
is,  it  should  he  kiln- 
dried,  or  kept  from 
one  to  two  years  be- 
fore using,  accord- 
ing lo  the  thickness 
of  Ihe  pieces.  This 
seasoning  helps  con- 
siderably in  prevent- 
ing a  piece  of  wood  from  warpiny,  Ijul  Lliough  Ihis  pre- 
caution be  taken  and  the  wood  well  seasoned,  unless  it  is 
coated  with  some  protecting  agent,  it  will  still  be  subject 
to  change  owing  to  atmospheric  ch^nges  for  it  will  absorb 
s  t  u  re  in  damp 

■  ■    ..  f. 


i\r> 


;  ther  and  give  i 
1  warm  and  dry 


I  7.     Laws*  r.ov- 
erninic   Wnrplntc 
and    Crat;kInK    "f 
W  ood.^Tlie    work- 
""  '^'  man   has   litllc   con- 

'''^  ''  trol  over  the  shrink- 

ing and  swelling  i)f  wood  that  is  unprotected ;  but  there  are 
eertain  conditions  that  tend  to  warp  a  piece  from  iLs  orig- 
inal shape,  a  study  of  which  will  enable  the  patternmaker 
lotfTcrcomc  the  difficulties  to  a  considerable  extent.  As 
ifl  already  been  stated,  Fiy.  1(1  represents  a  cross-section  of 


y.Co/.  /I". 


':irf-^i>^:.,!t;:l;:"^!!' ''  ^--^:^v»v-^^'5;"\-' 
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a  log  of  wood  showing  the  annular  rings.  If  the  tree  is  cut 
when  the  microscopic  cells  shown  in  Fig.  11  are  full  of  sap 
or  moisture  and  is  then  allowed  to  dry,  it  is  probable  that 
the  log  will  split  from  the  outside  toward  the  center,  as 
shown  in  Fig.  12  {a).  It  will  be  noticed  that  this  cracking 
takes  place  across  the  annular  rings,  but  parallel  to  the 
medullary  rays,  and  it  may  be  stated  that  this  is  true  in 
practically  all  cases. 

18.  If  a  board  were  to  be  sawed  very  near  the  heart  of  a 
log,  as  shown  at  a  b^  Fig.  10,  it  would  not  have  a  great  tend- 
ency to  warp,  but  would  remain  approxi- 
mately straight,  as  shown  at  a^  Fig.  13, 
while  if  a  board  were  sawed  from  the  log 
at  some  distance  from  the  heart,  or  cen- 
ter, of  the  log,  as  shown  at  c  d,  Fig.  10, 
^'®'  ^^'  it  would   have  a  tendency  to  warp,  as 

shown  at  ^,  Fig.  13;  that  is,  the  wood  would  draw  together 
at  right  angles  to  the  medullary  rays,  thus  throwing  up  the 
outer  corners.  By  taking  advantage  of  this  fact  and  select- 
ing lumber  from  comparatively  near  the  heart,  the  tendency 
to  warp  can  be  reduced. 

19»  Quarter-Sawing- — In  order  to  reduce  the  tend- 
ency to  warp  by  having  the  boards  practically  all  sawed  at 
nearly  right  angles  to  the  annular  rings,  quarter-sawing 
is  sometimes  resorted  to.  In  this  case  a  log  is  sawed  into 
four  pieces,  as  indicated  by  the  lines  be  and  a  d,  Fig.  12  {b). 
Each  piece  is  then  laid  back  down  and  sawed  into  boards,  as 
indicated  by  the  lines  in  the  quarter  between  a  and  b.  This 
method  is  wasteful  in  lumber,  but  reduces  warping  to  a 
minimum  and  in  certain  kinds  of  wood  produces  very  beau- 
tiful results  on  account  of  the  manner  in  which  it  intersects 
the  medullary  rays. 

20«  Gluing  as  a  Means  for  Overcoming  Changes 
of  Shape. — The  tendency  of  lumber  to  warp  can  be  par- 
tially overcome  by  properly  gluing  the  pieces.  For  instance, 
the  plank  shown  at  b.  Fig.  13,  could  be  sawed  into  pieces  as 
shown  at  c,  the  adjacent  pieces  laid  in  opposite  directions 
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anil  glued  together,  as  shown.  This  wuul']  reduce  the  tntal 
tendency  to  warp  to  a  minimuni  by  causing  the  adjacent 
pieces  to  warp  in  opposite  directions  and  within  compara- 
tively narrow  limits.  Sometimes  a  large  solid  piece  that 
will  not  warp  is  needed  in  patternmaking.  Of  course,  it  is 
absolutely  impossible 
to  get  one  that  will  not   ' 


warp   at   all,    but    by   1  ^■~  "'■"'_"-"J~liJ'^ 

gluing  several  planks 
together,  as  shown  in  >'"  '■"' 

Fig.  14  ((j).   this  tend-  ik.,  ii 

cncy  is  greatly  reduced.  It  will  be  noticed  that  the  boards 
or  planks  have  been  laid  in  reversed  directions,  that  is, 
so  that  one  board  will  have  a  tendency  to  warp  toward 
the  other.  It  is  not,  as  a  rule,  good  practice  to  lay  the 
planks  together  in  such  a  manner  that  the  grain  of  one  piece 
is  at  right  angles  to  that  of  the  other,  as  shown  in  Fig.  14(*), 
(or  when  this  is  done,  the  pieces  a  and  b  will  shrink  in  such 
a  way  as  la  leave  the  ends  of  c  and  d  projecting  on  the  sides 
of  the  piece,  while  at  the  front  and  back  ends  the  pieces  a  and  ^ 
will  project.  In  other  words,  each  plank  would  shrink  the 
most  across  its  grain  and  it  would  be  practically  impossible 
to  keep  the  surface  of  the  block  smooth.  Of  course,  this 
tendency  is  largely  overcome  by  covering  the  pattern  with 
a  coat  of  paint  or  varnish. 


METAI.  AND  OTHER  MATERIALS  USED  PUR 
MAKING  PATTERNS. 

21.  Special  Patterns. — -Special  patterns  are  often 
made  of  iron,  brass,  white  metal,  and  aluminum.  With  a  few 
exceptions,  original  patterns  are  all  made  of  wood.  Orna- 
mental work  and  statuary  are  usually  modeled  in  wax  or  clay. 

Rubber  patterns  are  made  from  vulcanized  india  rubber. 
These  may  be  prepared  by  fir.st  taking  enough  sulphur  to 
«|uul  15  per  cent,  of  the  weight  of  the  rubber  and  dissolv- 
ing il  in  oil  of  turpentine  and  then  dissolving  the  rubber  in 
thia  mixture  and  allowing  the  oil  to  evaporate.     After  the 
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oil  has  evaporated,  the  mixture  of  sulphur  and  rubber  may 
be  pressed  into  molds  made  of  metal  or  plaster  and  vulcan- 
ized by  submitting  it  to  the  action  of  steam  at  a  temperature 
of  280°  F.,  or,  as  it  is  usually  done,  putting  it  in  a  closed 
vessel  and  admitting  steam  at  a  pressure  of  about  50  pounds 
or  a  little  more.  If  the  temperature  is  increased  (by  in- 
creasing the  steam  pressure),  the  pattern  may  be  made 
harder.  These  patterns  are  especially  adapted  to  light 
match-board  work,  the  objection  to  them  being  the  trouble 
of  making  them. 

SANDPAPER. 

22.  Sandpaper  is  composed,  as  its  name  implies,  of 
sharp  sand  (quartz  or  garnet)  glued  on  paper.  It  can  be 
had  in  rolls  or  sheets,  the  most  convenient  size  for  pattern- 
making  being  the  sheets,  9  inches  by  11  inches.  In  pattern- 
making,  sandpaper  should  be  used  with  great  care;  the  pat- 
terns should  be  formed  as  nearly  to  shape  and  size  and  fin- 
ished as  accurately  as  possible  with  the  tools,  sandpaper 
being  used  only  for  giving  a  finish,  as  otherwise  the  draft 
and  accuracy  of  the  pattern  may  be  destroyed.  The  kind 
of  pattern  determines  the  fineness  of  the  sandpaper  to  be 
used  and  character  of  finish  required ;  usually  from  No.  00 
to  No.  1^  are  the  grades  employed  in  this  class  of  work. 
Under  no  circumstances  should  sandpaper  be  used  for  cut- 
ting down  or  removing  any  considerable  amount  of  stock, 
or  for  doing  anything  that  may  be  done  with  tools. 


FASTENINGS   USED    IN    PATTERN- 
MAKING. 


METAL    FASTENINGS. 

23»  Nails. — The  nails  most  commonly  used  in  pat- 
ternmaking  are  the  bung-head  steel-wire  nails,  as  they  have 
less  tendency  to  split  the  wood  than  the  tapered  cut  nails. 
The  sizes  of  nails  to  be  kept  in  stock  in  a  pattern  shop  do- 
ing a  general  class  of  work  are  as  follows:    No.  20,  f  inch, 
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i  inch,  f  inch ;  No.  18,  J  inch,  J  inch,  1  inch ;  No.  10,  1 J  inches, 
Uinches;  No.  14,  ^  inches;  No.  12,  2J  inches;  No.  11,  3inches. 
The  nails  should  be  kept  separate  and  in  good  order,  as 
this  saves  much  time.  Every  patternmaker  should  have  a 
nail  box  with  compartments  for  the  various  sizes,  for,  if  they 
become  mixed,  much  valuable  time  will  be  lost  in  searching 
for  the  required  size. 

SCRBWS. 

24.  Owing  to  the  necessity  for  hammering  patterns 
when  drawing  them  from  the  sand,  it  is  always  best  to  use 
Hcreiw^s  instead  of  nails  in  securing  the  parts  of  a  pattern. 
The  use  of  screws  also  facilitates  the  altering  of  patterns 
whenever  it  becomes  necessary.  The  sizes  of  screws  re- 
quired in  general  pattern  work  are  as  follows:  No.  5, 
Hnch,  J  inch,  1  inch;  No.  8,  |  inch,  1  inch,  1^:  inches; 
No.  10,  1  inch,  1]  inches,  1^  inches;  No.  12,  1^  inches, 
1}  inches,  2  inches,  2^  inches;  No.  16,  22-  inches,  3  inches, 
3J  inches,  4  inches. 

The  screws  should  be  kept  in  drawers,  or  in  a  case  having 
proper  compartments,  and  each  size  should  be  labeled.  It 
will  be  noticed  that  the  numbers  designating  the  sizes  of 
the  nails  run  in  a  direction  opposite  to  those  designating 
the  sizes  of  the  screws;  i.  e.,  the  larger  the  nail  is  in  diam- 
eter, the  smaller  is  the  number  by  which  it  is  designated, 
while,  with  screws,  the  larger  the  diameter  of  the  screw,  the 
larger  is  the  number  that  designates  it. 


ADHESIVE    FASTENINGS    AND     PROTECTIVE 

COATINGS. 


GLUE. 

25.  Character  of  Glue. — In  patternmaking,  Klue  is 
usually  depended  on  for  adhesive  fastening,  though  at  times 
small  parts  or  fillets  may  be  secured  by  means  of  varnish. 
Mtich  depends  on  the  character  of  the  glue  used  in  pattern- 
making,  because  many  patterns  cannot  be  nailed  or  screwed, 
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and,  as  they  must  be  held  together  while  being  subjected  to 
the  action  of  damp  sand,  it  is  essential  that  only  first-dass 
glue  be  employed.  There  are  many  qualities  of  glue  on  the 
market,  including  liquid,  pulverized,  and  sheet.  The  liquid 
glue  is  good  in  quality  and  very  handy  for  small  work,  as  it 
is  always  ready  for  use.  The  sheet,  or  flake  form,  dissolved 
and  used  hot  is,  however,  preferred  for  general  work.  Ani- 
mal glue  is  the  best;  it  comes  in  thin  sheets  and  is  the  most 
expensive.  As  a  rule,  the  best  quality  of  glue  Is  of  amber 
color,  and  the  flakes  are  rather  thin.  Glue  should  be  soaked 
in.cold  water  before  placing  it  in  the  glue  pot,  but  the  soak- 
ing should  never  be  continued  for  a  great  length  of  time,  as 
this  injures  the  quality.  Glue  is  strongest  when  freshly 
prepared,  and,  if  of  good  quality,  may  be  drawn  out  into 
very  thin  threads.  As  a  rule,  the  harder  the  glue,  the 
better  il  will  resist  moisture. 

26.  Glue  Pot. — Glue  should  be  used  while  hot,  and 
that  it  may  be  kept  in  this  condition  without  danger  of 
burning,  some  form  of  slue  pot  becomes  a  necessity.  The 
glue  pot  is  usually  water-jacketed;  that  is,  it  is  surrounded 
with  hot  water.     Fig.  15  shows  a  very  common  and  handy 


i i 


t  device.  The  two  glue  pots  c  and  rf  are  so  supported  that 
they  rest  in  a  bath  of  hot  water  in  a  vessel  c.  A  very  small 
stream  of  steam  is  introduced  through  the  pipe  a  and  the 
condensed  water  gradually  escapes  through  the  pipe  I'. 
This  device  keeps  the  glue  constantly  warm  and  ready  for 
use. 
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27.  Glue  Brushes. — Glue  is  usually  applied  with  an 
ordinary  paint  brush,  though  in  cases  where  a  patternmaker 
can  obtain  pieces  of  basswood  bark,  he  can  make  his  own 
glue  brushes  very  cheaply.  The  desired  form  is  cut  out 
of  the  basswood  bark;  the  brush  end  is  then  soaked  in  hot 
water  and  hammered  until  it  becomes  soft.  Owing  to  the 
fibrous  nature  of  the  basswood  bark,  it  makes  a  very  soft 
and  fine  brush,  but  these  brushes  are  usually  rather  short- 
lived. 

28.  Precautions  Necessary  In  Gluing. — In  gluing 
two  pieces  together,  the  hot  glue  should  be  thin  enough  to 
spread  easily;  and  if  the  surfaces  to  be  glued  are  hot  or 
warm,  a  better  joint  may  be  obtained.  Before  applying 
glue  to  any  surface,  the  latter  should  be  wiped  clean  of  any 
dust.  This  is  especially  true  in  the  case  of  surfaces  that 
have  been  prepared  by  sandpaper,  for,  in  this  case,  the 
dust  has  probably  been  rubbed  into  the  pores  of  the  wood 
and  so  would  not  allow  the  entrance  of  the  glue  into  these 
pores. 

When  the  end  grain  of  wood  must  be  glued,  it  is  best  to 
give  the  material  a  sizing  coat  first.  That  is,  the  end  of 
the  grain  is  coaled  with  glue  to  fill  the  openings  among  the 
fibers.  After  the  glue  has  dried,  the  surfaces  are  given 
another  coat  and  are  then  united.  If  this  is  not  done,  the 
open  grain  of  the  end  is  liable  to  absorb  the  glue  so  rapidly 
as  to  weaken  the  joint.  Immediately  after  the  glue  is  put 
on  any  pieces  that  are  to  be  glued  together,  they  should  be 
pressed  firmly  together  with  clamps  and  held  in  this  manner 
while  the  glue  is  setting.  Plenty  of  time  should  be  given 
for  the  glue  to  set;  in  most  cases,  10  to  12  hours  in  a  dry 
place  is  sufficient. 


PATTERN   VARNISH. 

29*  General  Consideration  of  Pattern  Var- 
nishes.— All  wooden  patterns  should  be  covered  with  some 
protective  coating  so  as  to  prevent  warping  and  cracking 
from  the  influence  of   the  moist  sand  in  the  mold,  and  to 
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prevent  the  glued  joints  from  coming  apart.  This  protect- 
ive coating  is  also  made  of  such  a  nature  that  it  is  not 
affected  by  moisture  and  insures  a  smooth  surface  that  draws 
easily  from  the  sand.  In  practice,  there  are  two  general 
classes  of  pattern  varnishes.  The  first  is  composed  of 
shellac^  with  or  without  some  coloring  ingredient.  The  sec- 
ond comprises  the  better  grades  of  copal  varnishes^  which 
may  also  be  colored.  By  changing  the  color  of  the  varnish 
used  for  this  protective  coating,  it  is  possible  to  distinguish 
between  core  prints  and  the  main  body  of  the  pattern,  and 
also  between  patterns  for  different  purposes;  as,  for  in- 
stance, patterns  for  brass,  iron,  steel  castings,  etc. 

30.  Yellcw  Shellac  Varnish. — Shellac  varnish  is  the 
most  common  protective  coating  used  for  patterns.  It  is 
made  by  dissolving  gum  shellac  in  alcohol.  The  orange 
shellac,  which  comes  in  thin  plates,  is  employed  for  this 
purpose,  the  white  shellac  being  more  expensive  and  not  as 
well  suited  to  the  work  of  the  patternmaker.  The  shellac 
varnish  is  commonly  called  jr/A^tc  variiish. 

Gum  shellac  may  be  dissolved  either  in  wood  (methyl) 
alcohol,  or  in  grain  (ethyl)  alcohol.  The  grade  of  shellac 
used  should  be  good,  as  it  is  not  economy  to  buy  cheap 
material  for  this  purpose,  on  account  of  the  fact  that  it  will 
not  stand  up  to  the  work  as  long  as  a  better  grade.  Care 
should  be  taken  not  to  use  mixed  wood  and  grain  alcohol 
with  shellac,  as  it  will  form  a  varnish  that  does  not  dry 
quickly  and  is  more  easily  affected  by  moisture. 

31.  Frequently,  yellow  varnish  changes  to  a  muddy 
color  by  leaving  the  cover  off  the  varnish  pot,  or  from  other 
causes.  Such  varnish  may  be  restored  by  stirring  a  little 
powdered  oxalic  acid  into  it. 

Note. — Varnish  that  has  been  cleared  by  the  use  of  oxalic  acid  should 
never  be  used  on  a  cut  finger,  as  it  is  poisonous;  in  fact,  the  use  of 
shellac  as  a  protective  covering  on  cuts  and  bruises  is  always  more  or 
less  dangerous,  for,  while  the  alcohol  kills  the  germs,  the  varnish  is 
liable  to  have  foreign  substances  in  it  that  may  be  introduced  into 
a  wound  and  thus  cause  blood  poisoning.     Wood  alcohol  is  always 
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poisonous  if  taken  into  the  system.     For  these  reasons,  it  is  best  to 
prohibit  entirely  the  use  of  shellac  for  this  purpose. 

32.  Black  Shellac  Varnish. — Black  shellac  varnish 
may  be  made  by  adding  lampblack  to  the  yellow  shellac.  The 
lampblack  employed  should  be  of  the  finest  quality  and  free 
from  grit.  The  quality  may  be  tested  by  rubbing  a  little  of 
the  material  between  the  thumb  and  finger,  when  no  grit 
whatever  should  be  felt.  A  better  grade  of  black  varnish 
maybe  made  by  dissolving  black  aniline  in  shellac.  Only 
the  brand  of  aniline  soluble  in  alcohol  can  be  used. 

33.  Red  Shellac  Varnish.  —  This  varnish  may  be 
made  by  adding  red  powder,  usually  Indian  red,  to  yellow 
shellac.  The  use  of  either  lampblack  or  red  powder  in 
shellac  seems  to  give  it  a  better  body  and  greater  durability. 

34.  Copal  Varnishes. — Copal  varnish  is  very  much 
like  shellac  in  color,  though  it  usually  has  a  slightly  greater 
luster.  The  objection  to  copal  varnish  is  that  it  is  very 
slow  in  drying,  compared  with  the  shellac  varnishes  pre- 
pared with  alcohol.  Black  and  red  varnishes  may  be  made 
from  yellow  copal  varnish  by  adding  lampblack  or  red 
powder.  Where  there  is  plenty  of  time  available  in  the 
making  of  patterns,  and  the'  patterns  are  to  undergo  hard 
service,  it  is  best  to  employ  the  better  grades  of  copal  var- 
nish, for,  while  it  is  slightly  more  expensive  and  takes  longer 
to  dry,  it  is  very  much  more  durable  and  will  outlast  several 
coats  of  shellac. 

35.  Application  of  Varnish. — In  applying  the  var- 
nish, the  pattern  should  be  wiped  clean  and  free  from  dust. 
This  is  especially  necessary  if  the  surface  has  been  finished 
by  sandpapering.  The  first  coat  of  varnish  should  be  a  lib- 
eral one,  applied  smoothly,  and  allowed  to  soak  well  into  the 
pattern.  When  the  varnish  is  thoroughly  dry,  the  pattern 
will  feel  rough  to  the  touch  on  account  of  the  fact  that  the 
varnish  has  hardened  any  projecting  particles  or  loose  grains 
of  the  wood.  The  first  coat  of  varnish  should  be  rubbed 
smooth  with  a  well-worn  piece  of  fine  sandpaper,  care  being 
taken  not  to  disturb  the  general  surface  any  more  than  is 
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possible.  The  pattern  should  then  be  wiped  free  from  dust 
and  given  another  coat  of  varnish,  the  second  coat  being 
lighter  than  the  first.  After  the  second  coat  is  dry,  the 
pattern  is  again  rubbed  down  and  given  another  coat,  this 
process  being  repeated  until  the  desired  surface  is  obtained, 
or  until  sufficient  coating  has  been  applied  to  render  the 
pattern  impervious  to  moisture.  With  yellow  shellac  var- 
nish,  three  coats  are  usually  enough.  Several  thin  coats 
are  better  than  a  small  number  of  thick  coats,  but,  of  course, 
the  use  of  thin  coats  requires  more  labor. 

36.  When  patterns  become  rough  from  use  in  the 
foundry,  they  should  be  cleaned  and  varnished,  for  if  the 
pattern  is  smooth  and  well  finished,  it  will  give  the  molder 
but  little  trouble,  and,  hence,  will  not  receive  such  hard 
usage.  If  the  pattern  is  rough,  the  molder  must  rap  and 
jar  it  a  great  deal  in  order  to  insure  its  drawing  properly, 
and  this  treatment  frequently  injures  it. 

37.  Varnish  Brushes  and  Varnish  Cans. — Pattern 
varnish  can  be  best  applied  with   a  fine   flat   bristle  brush. 

A  new  brush  should  be  kept  in  alco- 
hol some  time  before  using,  and  when 
the  brush  is  not  in  use,  it  should  be 
kept  either  in  the  varnish  or  in  alco- 
hol. Yellow  varnish  is  usually  best 
kept  in  an  earthenware  jar  or  mug, 
on  account  of  the  fact  that  metal  will 
discolor  it. 

Fig.  16  illustrates  a  very  handy 
form  of  can  for  keeping  black  var- 
nish. The  can  proper  is  made  double, 
the  varnish  being  kept  in  the  inner  portion  b^  while  the 
annular  space  a  is  partially  filled  with  water.  The  cover  c 
fits  into  the  water  space,  thus  sealing  the  varnish  air- 
tight and  yet  removing  all  danger  of  the  cover  sticking 
to  the  varnish  pot.  The  brush  is  kept  suspended  by  means 
of  a  hook  on  a  rod  d^  the  rod  being  also  useful  for  cleaning 
the  brush. 


Fig.  16. 
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FILLETS. 

38*     Necessity  for   Round  Corners  in  Castlngrs. — 

Sharp  corners,  whether  inside  or  outside  of  a  pattern,  should 
be  avoided,  and  whenever  there  is  nothing  to  interfere, 
all  corners  should  be  rounded.  Sharp  corners  on  the  inside 
of  a  pattern  form  sharp  corners  of  sand  when  mold- 
ing, and  these  give  the  molder  a  great  deal  of  trouble. 
Sharp  corners,  as  a  rule,  detract  greatly  from  the  appear- 
ance of  a  casting,  and  also  injure  its  strength.  This  weak- 
ness due  to  sharp  corners  is  shown  by  the  three  illustrations 
in  Fig.  17.     At  (a)  is  represented  a  casting  having  a  sharp 


0J 

Fig.  17. 


(c) 


corner.  As  the  iron  hardens,  the  crystals  seem  to  form  in 
such  a  manner  that  their  lines  of  strength  are  peri)endicular 
to  the  faces,  as  indicated  by  the  lines  in  Fig.  17  {a).  This 
will  leave  an  open  space,  or  a  space  of  irregular  crystalliza- 
tion, at  r,  and  the  casting  is  liable  to  break  along  the  line  ///. 
To  overcome  this,  a  fillet  is  usually  placed  on  the  inner 
corner,  as  shown  at  Fig.  17  (/^),  (r /?  being  the  fillet.  The 
outside  corner  of  the  pattern  is  also  rounded,  as  shown. 
Fig.  17  (<■)  shows  a  casting  from  a  pattern  having  a  care- 
fully rounded  corner,  and  it  will  be  noticed  that  there  is 
no  open  space  of  irregular  crystallization  as  occurred  at  r. 
Fig.  17  (a). 

39.  A  good  illustration  of  the  faulty  results  that  may 
arise  from  sharp  corners  is  shown  in  the  two  cylinders  rep- 
resented in  Fig.  J 8.  The  one  at  {a)  was  cast  with  sharp 
corners  and  a  square  bottom.     If  pressure  is  brought  upon 


the  interior  of  the  cylinder,  the  head  h  will  be  forced 
as  shown  in  the  illusiralion,  the  break  occurring  along  the 
lines  lie  v^nAf^.      If  the  cylinder  had  been  cast,  as  shown 
in  Fig.  18  (/'),  with  a  round  end,  one  portion  of  it  would  be 
as  liable  to   break  as  anothf 
and,  ill  fact,  the  end  would 
the  strongest  part  of  the  cylii 
der.     l-'iilets  for  patterns  may 
be  made  of  leather,  wood,  metal, 
wax,  or  any  suitable  material 
that  can  t)e  worked  into  ihi       ~ 
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40.     Wooden  Fllletti.- 

Wooden  fillets  arc  usually  ei 
ployed  only  in  straight  corner! 
and  it  is  often  bettsr  to  glue  a 
square  or  triangular  strip  in 
place  and  hollow  it  to  the  dc- 
"  sired    curve   after   the   glue  is 

'"■  dry.      The    advantage   of    this 

that  thin  edges  arc  not  so  liable  to  curl  up  as 
they  arc  if   it  is  allemptcd   to  glue  a  wooden  fillet  of 
desired  shape  into  jilace. 

41.  Lcuthcr  Fllletn. — Leather 
terial  for  fillets  on  acodiuit  of  iln-  l;icl 
be  applied  to  any 
form  of  corner,  no 
matter  whether 
straight  or  curved, 
or  no  matter  how 
irregular  the  curve 
may    be;   also,    the 

leather  is  light,  durable,  and  neat.  Lc.ttlier  fillets  may  f 
made  by  cutting  shavings  from  leather  with  a  plane  of  I 
form  shown  in  Fig.  li),  but  il  is  best  to  buy  the  lilli 
ready  cut  from  some  firm  that  makes  a  business  of  supa 
ing  them,  on  actounl  of  the  fact  tli.il  a  uiiicli  more  unifoi 
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priiduci  may  be  obtained.  Fig.  20  shows  a  set  of  such  staml- 
ard  leather  fillets. 

42.  Wax  Fillets. — Beeswax  is  used  fur  making  small 
fillets,  but  much  of  the  beeswax  of  commerce  is  so  adulter- 
ated with  tallow  that  it  is  difficult  to  obtain  a  satisfac- 
tory grade.  It  is  also  used  for  filling  nail  holes,  etc.  A 
good  substitute  for  beeswax  is  made   by   mixing  whiting, 

flO.  20. 

resin,  and  linseed  oil  with  beeswax  in  the  following  propor- 
tions; 1  (lint  of  linseed  nil,  i  pounds  of  beeswax,  4  pounds 
erf  whiting,  and  J  pound  of  resin.  This  mixture  should  be 
made  in  a  pol  similar  to  a  gltie  pot.  and  should  be  used 
when  warm,  as  it  becomes  hard  when  cold.  Nail  holes  in 
patterns  are  sometimes  filled  with  common  putty,  which  is 
a  mixture  of  whiting  and  linseed  oil. 

43.  Wax  is  also  used  for  co;iting  iron  patterns  to  pre- 
vent their  rusting,  and  to  allow  them  to  be  drawn  from  the 
mold  easily.  To  apply  wax  to  an  iron  pattern,  the  pattern 
is  first  polished  and  then  washed  with  a  dilute  solution  of 
sal  ammoniac,  which  will  coat  it  with  rust.  The  pattern  is 
thun  warmed  until  it  will  melt  the  wax,  and  the  wax  rubbed 
over  it.  It  is  usually  best  to  brush  the  hot  wax  with  a  soft 
brush  so  as  to  distribute  it  evenly. 

44.  Metal  Fllletn. — Metal  fillets  of  a  form  similar  lo 
the  leather  fillets  shown  in  Fig.  20  have  been  made  and  are 
fin  the  market,  but  in  the  case  of  patterns  that  are  to 
receive  nmgh  usage,  they  arc  not  usually  successful,  owing 
lu  the  fact  that  the  rapping  of  the  pattern  jars  the  fillet 
kuMv,  the  metal  stretching  and  hanging  loosely  on  the  nails, 
or  other  fastenings. 
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DOWi-:i-s. 

45.  Wooden  Dowels. — Wood  is   the    material   moi 
commonly    employed    for   making    dowel-pins,    which  i 

intended  to  k( 
the  separate  por- 
tions of  patterns 
or  core  boxes  in 
their  proper  re- 
lation to  one  an- 
other. The  wood 
for  this  purpose  is 
p  laced  on  the 
market  in  sticks 
of  the  required 
diameter,  and  all 
'""■^''  that    the  pattern-^ 

maker  has  to  do  is  to  point  the  dowel 
right  length.     The  objections  to  wooden  dowels  are  that  t 
dowel-pins  swell  on  exposure  to  moisture  and,  also,  the 
in  which  they  tit  may  close  in  owing   to  i 
causes  trouble  in  the  foundry,  and  to 
overcome  it,  the  molder  often  whittles 
the  point  down  too  small  or  makes  the 
hole  loo  large,  thus  allowing  the  pat- 
tern to  shift  sidewise. 

46.  Metal    I>owbIb. — To    over- 
come   the    difficulties    arising    from 
wooden  dowels,  various  forms  of  melal 
dowels  have  been  brought  out.     Brass 
dowels  seem  to  give  the  greatest  satis- 
faction, on  account  of  the  fact  that 
they  do  not  rust.     Fig.  21  illustrates 
a  set  of  solid  brass  dowels  turned  frnm  ^"^-  "^ 
bars  and  intended  simply  to  be  driven  into  holes  drilled  in 
the  pattern.      Fig.  2'i  illustrates  a  similar  set  of  b 
in  which  the  points  are  made  of  smaller  material  than  the 
sockets  into  which  they  are  to  fit.     Either  one  uf  these  forq 
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is  very  satisfactory  for  light  work  on  small  patterns.  Fig.  23 
illustrates  a  dowel  pressed  from  sheet  brass  and  intended  for 
screwing  to  the  face  of  a  pattern.  These  are  for  use  on 
medium-sized  work.  Fig.  24  illustrates  a  cast-iron  dowel 
and  plate  intended  for  use  on  large  or  heavy  patterns.  The 
methods  of  inserting  these  dowels  in  the  patterns  will  be 
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considered  later.  One  great  advantage  in  the  use  of  any 
regular  system  of  dowels  Is  that  it  insures  uniformity,  and 
it  is  possible  to  replace  a  lost  pin  or  socket  without  any 
difficulty,  while  in  some  cases,  one  part  of  a  pattern  may 
be  made  to  serve  with  several  other  patterns  liy  simply 
arranging  it  so  that  it  may  be  doweled  to  any  one  of  them. 


PROVISION  FOR  RAPPING   AND  DRAWING   PATTERNti. 

47.      Rapping   and   l>rawlns   Plates  and   Rods. — 

To  aid  in  the  rapping  and  withdrawing  of  a  pattern  from 
the  sand,  it  should  be  fitted  with  iron  or  steel  plates.    These 


plates  are  sunk  into  the  pattern,  and  are  provided  with  suit- 
able holes  for  rapping  and  liftiny;  the  pattern. 
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In  the  case  of  large  patterns,  two  or  more  holes  are  pro- 
vided in  each  plate.  One  is  usually  threaded  to  receive  a 
draw-rod  similar  to  that  shown  in  Fig.  25  (a),  and  the  other 
hole  or  holes  are  used  for  inserting  pins  by  means  of  which 
to  rap  or  shake  the  pattern  so  as  to  loosen  it  in  the  sand. 
Sometimes  the  lifting  plates  and  the  rapping  plates  are 
made  separate,  and,  in  the  case  of  very  large  patterns,  the 
rapping  plates  may  be  of  considerable  size  so  that  a  sledge 
or  heavy  mallet  may  be  used  on  them.  Such  large  plates 
should  be  made  of  wrought  iron  or  steel. 

48.  Sometimes,  to  avoid  the  difficulty  arising  from  the 
use  of  screw  threads,  lifting  plates  similar  to  those  shown 
in  Fig.  25  {d)  are  employed.  The  lifting  rod  has  a  key  on 
the  end,  which  is  inserted  into  a  slot  in  the  plate  and  then 
given  a  quarter  turn  before  lifting  the  pattern.  Fig.  26 
illustrates  two  forms  of  rapping  plates,  both  of  which  can  be 
let  into   the  pattern    entirely  by  boring.     In  the  case  of 


raj  (b) 

Fig.  26. 

Fig.  20  (^),  four  small  holes  are  bored  to  receive  the  ears 
that  carry  the  screws,  and  then  one  large  hole,  cutting  away 
about  half  of  the  previously  bored  holes,  is  drilled  with  an 
expansion  bit  to  receive  the  balance  of  the  plate.  In 
Fig.  26  (^),  there  are  only  three  ears  carrying  the  screw 
holes.  In  both  views,  a  represents  the  hole  intended  for 
the  rapping  pin  and  b  the  thread  hole  for  the  lifting  rod. 

When  using  plates  of  the  form  shown  in  Fig.  26,  it  is  a 
good  idea  to  take  a  blank  plate  of  the  exact  outline  of  the 
one  used  and  insert  pins  opposite  the  center  of  each  circle. 
These    pins    are    sharpened    and    allowed   to  project  about 
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I  inch.  By  placing  this  plate  upon  the  pattern  and  giving 
it  a  rap  with  a  hammer,  the  pins  will  mark  the  centers  of 
the  holes  that  must  be  bored  to  locate  the  plate. 

The  location  of  rapping  and  drawing  plates  should  be 
made  a  matter  of  considerable  study;  for,  when  the  pat- 
tern is  supported  by  the  drawing  irons,  it  should  be  well 
balanced,  and  usually  the  most  effective  rapping  can  be 
done  from  a  point  over  the  center  of  gravity  of  the  pattern. 

49.  Draw-Nail. — When  rapping  and  drawing  plates 
are  not  used,  as  in  the  case  of  small  patterns,  the  molder 
usually  drives  a  small,  sharp  spike  into  the  pattern  for  use 
in  loosening  the  pattern  by  rapping  against  it;  and,  also,  for 
drawing  the  pattern  from  the  mold.  The  use  of  a  draw- 
nail  tends  to  destroy  the  pattern  and  should  only  be  used 
when  a  comparatively  small  number  of  castings  are  required 
from  a  rather  small  pattern. 


PATTERN  LETTERS  AND  FIGURES. 

50.  Letters  Made  From  Soft  Alloys. — In  order  to 
enable  the  manufacturer  to  keep  track  of  the  castings  and 
patterns,  it  is  common  to  place  certain  letters  and  figures 
on  them;  these  may  be  recorded,  and  serve  to  designate  the 
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Fig.  27. 
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different  pieces.  Letters  are  also  used  for  phicing  the  man- 
ufacturer's name  on  patterns  for  advertisinjj^  purposes.  The 
letters  most  commonly  used  for  this  purpose  are  made  from 
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an  alloy  of  lead  and  tin,  and  the  sides  of  the  letters  are 
given  plenty  of  draft.  The  styles  of  letters  most  commonly 
employed  are  Roman  and  sharp  Gothic.  The  thickness  of 
the  letter  depends,  to  a  considerable  extent,  on  the  size. 
Fig.  27  (a)  shows  examples  of  several  sizes  of  Roman  letters 
and  figures.  Fig.  27  (d)  shows  the  ordinary  sharp  Gothic 
letters,  while  Fig.  27  (c)  illustrates  the  hair-line  sharp 
Gothic.  These  letters  are  often  used  in  making  name 
plates  to  be  fastened  to  castings. 

51.  The  Roman  style  of  letters  is  best  suited  for  adver- 
tising purposes  on  castings,  as  the  tops  of  the  letters  have  a 
larger  area  than  the  Gothic  and  so  present  a  better  appear- 
ance when  polished.  The  sharp  Gothic  letters  are  best  for 
marking  patterns  for  the  purpose  of  recording  and  ordering 
castings,  on  account  of  the  fact  that  their  sharp  beveled 
sides  have  a  larger  amount  of  draft  than  the  Roman  letters, 
and,  hence,  will  leave  the  sand  more  freely. 

52.  The  hair-line  Gothic  style  of  letters  is  employed 
for  making  the  letters  on  the  dies  used  for  making  stone- 
ware and  similar  articles  on  which  the  letters  are  to  appear 
sunk.  The  soft-metal  letters  are  not  well  adapted  for  use 
on  iron  patterns,  though  they  are  occasionally  employed, 
and,  in  such  cases,  are  usually  stuck  on  with  beeswax, 
although  it  is  an  unsatisfactory  adhesive.  The  metal  letters 
are  usually  stuck  to  the  wooden  patterns  by  means  of  varnish. 

53.  Brass  Letters. — Brass  letters  are  made  both  with 
and  without  pins  on  their  backs.  The  pins  can  be  driven 
into  wooden  patterns  or  riveted  to  iron  patterns,  while  those 
without  pins  may  be  secured  to  iron  patterns  by  soldering 
or  sweating.  The  process  of  sweating  letters  to  patterns  is 
as  follows:  The  place  where  the  letters  are  to  go  should  be 
thoroughly  cleaned  and  tinned;  the  back  of  the  letters 
should  also  be  tinned.  The  letters  are  then  placed  in  posi- 
tion and  heated  either  with  a  hot  soldering  point  or  by 
means  of  a  blowpipe.  This  heat  will  melt  the  tinned  sur- 
faces together.  Sweating  on  the  letters  makes  a  much 
neater  job  than  riveting,  and  usually  takes  less  time. 
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PATTERNMAKERS'  TOOLS. 


HAND  TOOLS. 

54.  General    Consideration    of    the    Subject. — 

Every  patternmaker  is  supposed  to  provide  himself  with 
certain  tools,  and,  \rhile  many  of  them  are  of  the  same  kind 
as  those  used  by  other  wood  workers,  there  are  many  others 
especially  adapted  for  patternmaking.  The  patternmaker's 
kit  of  tools  is  probably  more  varied  than  that  of  any  other  wood 
worker,  because  of  the  endless  variety  of  work  he  has  to  do. 
Patternmakers  themselves  differ  greatly  in  their  choice  of 
tools,  as  well  as  in  their  manner  of  work;  hence,  it  is  im- 
possible to  enumerate  all  the  tools  that  may  be  used  in 
patternmaking.  Very  often  the  patternmaker  thinks  that 
a  certain  way  of  executing  a  piece  of  work  is  best,  but  he 
may  not  be  able  to  find  a  tool  to  suit  his  purpose,  in  which 
case  he  frequently  improvises  one  himself  or  has  it  made. 

55.  Representative  Kit  of  Patternmalcers*  Tools 
and  Approximate  Cost.  —  The  following  list  of  tools 
must  not  be  considered  the  only  ones  that  can  be  used  for 
the  purpose.  In  several  cases,  the  makers'  names  have  been 
given  in  connection  with  the  tools  mentioned,  |:hough  in 
most  instances  there  is  more  than  one  firm  making  each 
kind  of  tool.  The  costs  may  vary  from  time  to  time  on 
account  of  the  condition  of  the  market  or  the  grade  of  the 
tools,  but  such  a  set  may  ordinarily  be  obtained  for  about 
sixty  dollars. 

One  tool  box,  32  inches  long,  18  inches  wide,  IG  inches 
deep,  with  trays;  one  24-inch  10-point  hand  saw;  one  back 
saw;  one  12-inch  compass;  one  iron  jack  plane;  one  iron 
jointer  plane;  one  iron  smoothing  plane;  one  iron  block 
plane;  five  round  planes,  as  follows,  No.  1,  :J^  inch  width, 
and  I  inch  circle,  No.  3,  I  inch,  and  1  inch,  No.  5,  J  inch, 
and  11  inches.  No.  7,  1  inch,  and  2  inches,  No.  1),  1^  inches, 
and  24  inches;  three  rabbet  planes,  ^  inch,  1  inch,  1^  inches; 
one  2-inch  round  face  boxwood    spoke   shave;   one  No.  0 
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combination  India  oilstone;  one  each  of  No.  14  and  No.  22 
combination  India  oil  slips;  seven  paring  chisels  with 
shanks  of  ^-inch,  :J^-inch,  §-inch,  ^-inch,  f-inch,  1-inch, 
1^-inch  width;  nine  paring  gouges,  i  inch,  J  inch,  f  inch, 
}  inch,  f  inch,  1  inch,  IJ  inches,  1^  inches,  2  inches;  one 
2^-inch  sloid  knife;  one  No.  19  Adis  f-inch  carving  gouge; 
one  No.  28  Adis  |-inch  carving  gouge;  one  each  of  No.  31 
f-inch,  :i^-inch,  ^-inch  carving  gouge;  one  12-ounce  ball- 
faced  claw  hammer;  one  small  long-peen  hammer;  one 
8-inch  try  square;  one  carpenters*  steel  square;  one  8-inch 
T  bevel;  one  12-inch  Starrett's  combination  square  and 
center  head;  one  No.  65  Stanley's  boxwood  marking  gauge; 
one  folding  draw  knife,  8-inch  blade;  one  4-inch  shingling 
hatchet;  one  set  screwdrivers;  one  2-foot  folding  rule, 
standard;  one  2-foot  rule,  not  folding,  shrinkage;  one 
8-inch  wing  dividers;  one  excelsior  pencil  attachment;  one 
5-inch  spring  dividers;  one  5-inch  outside  calipers;  one  5-inch 
inside  calipers;  one  ratchet  brace;  one  set  auger  bits, 
^  inch  to  1  inch;  four  twist  drills  with  square  shanks, 
Tpy  inch,  ^  inch,  -^  inch,  ^  inch;  one  set  adjustable  leg 
trammel  heads;  one  malleable-iron  oil  can;  one  extension 
bit  with  two  cutters,  to  bore  from  ^  inch  to  3  inches;  one 
double-cut  countersink;  one  dozen  assorted  brad  awls;  two 
3-inch  malleable-iron  C  clamps;  one  IJ-inch  turning  gouge; 
one  |-inch  turning  gouge;  one  1-inch  turning  chisel,  ground 
on  both  sides;  one  IJ-inch  extra  heavy  turning  chisel, 
ground  on  one  side  only;  one  each  IJ-inch  right-hand  and 
left-hand  turning  chisels,  ground  on  one  side  only,  and  on 
the  skew;  one  nail  set;  one  8-inch  carpenters'  pincers. 

56.  Care  in  Use  of  Tools. — This  paper  presupposes 
a  knowledge  of  the  uses  of  the  ordinary  wood-working  tools 
on  the  part  of  the  student;  and,  hence,  this  matter  will  not 
be  taken  up  in  detail,  but  a  few  hints  concerning  the  care 
of  tools  may  be  of  assistance. 

All  tools  should  be  kept  sharpened  and  in  good  order,  if 
good  work  is  to  be  expected  of  them.  This  fact  cannot  be 
too  strongly  impressed  on  all  that  use  tools  of  any  kind. 
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S7.  Wood -Working  Tonltt. — Hand  vt-ood-worklns 
tools,  such  as  chiseb,  gotigcs,  etc.,  are  usually  gnuind  on  n 
grindstone,  and  finished  on  an  oilstone.  Care  should  be 
taken  in  grinding  not  to  overheat  the  edges,  so  as  to  draw 
the  temper,  and  in  both  the  grinding  and  the  sharpening  on 
the  oilstone,  attention  should  be  given  to  the  angles  at 
which  the  tools  are  sharpened  so  that  these  are  uniform  and 
suited  to  the  material  being  worked. 

5N.  DoKH  and  Drlvlns;  Plates. — Where  two  pieces  of 
w<)od  are  to  tie  fastened  together,  d<>Ks  similar  to  that 
shown  at  a.  Fig.  38,  are  frequently  employed,  which  are 
driven  into  the  end  of  the  grain  as  indicated  by  the  dotted 


linc9  at  c;  a  shows  the  general  shape  of  the  side  of  the  dog, 
and  b  the  back  face.  Such  dogs  as  this  should  be  kept  on 
hand  in  a  variety  of  sizes,  and  used  in  securing  the  parts  of 
sectional  patterns  temporarily  in  place  while  they  are  being 
operated  on. 


69.  When  patterns  are  to  i 
sometimes  screwed  to  the  piec< 
the  pieces  are  large  and 
heavy,  the  centers  on 
which  the  work  is  to  be 
tumetl  may  be  formed 
in  Uie  plate,  as  shown  in 
Fig.  29,  iibeinglheplale  " 
screwed  to  the  end  of 
Ihc  pattern  in  such  a 
as    to    join    the 


turned,  metal  plates  art 
I  place  of  dogs,  and  il 


32  PATTERNMAKING.  §31 

halves  b  and  c  together.  In  this  case,  a  portion  of  the 
plate  has  been  bent  to  form  the  driver  r,  which  engages 
the  slot  f  of  the  lathe  face  plate  and  serves  as  a  driver 
for  rotating  the  work,  which  is  supported  on  a  center  //, 
which  enters  the  hole  g  in  the  plate.  These  dogs  and  plates 
are  usually  not  furnished  by  the  patternmaker  himself,  but 
belong  to  the  pattern  shop. 


SHOP  TOOLS  AND    MACHINES. 

60.     General    Consideration     of    Subject.  —  The 

variety  and  size  of  tools  used  in  any  pattern  shop  will  de- 
pend on  the  amount  of  work  being  done  and  the  character 
of  the  patterns  being  made.  In  the  case  of  small  pattern 
shops,  comparatively  few  tools  are  required,  while  in  large 
ones,  and  especially  those  doing  heavy  work,  it  is  more 
economical  to  have  a  large  number  of  machines.  Only  the 
machines  necessary  for  patternmaking  will  be  considered 
here.  Those  required  for  cutting  down,  ripping,  and  re- 
sawing  stock,  and  preparing  it  fo^  patternmaking  will  not 
be  taken  up  in  this  connection,  though  in  some  cases  large 
pattern  shops  are  provided  with  such  machinery. 


SAIIVING    MACHINES. 

61.  Universal  Circular-Saw  Bench. — All  pattern 
shops  should  be  provided  with  one  or  more  circular  saws. 
For  general  pattern  work,  the  machine  shown  in  Fig.  30  is 
probably  as  good  as  there  is  on  the  market.  It  consists  of 
a  heavy  cast-iron  frame,  or  base,  /,  which  carries  a  stationary 
table  j  and  a  movable,  or  sliding,  table  k.  There  are  two 
saws  mounted  on  parallel  arbors  and  so  arranged  that  either 
of  them  can  be  brought  above  the  table,  and,  also,  so  that 
the  depth  of  cut  or  amount  of  saw  exposed  can  be  controlled. 
The  ripping  saw  is  shown  at  a  and  the  cross-cutting  saw 
at  b.     The  hand  wheel  c  on  the  front  of  the  machine.  Fig.  30, 
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controls  the  worm  h  and  gear  ^  shown  in  Fig.  31,  and  by 
this  means  serves  to  rotate  the  frame  carrying  the  two  saws 
and  to  bring  either  to  the  top.  The  portion  of  the  table  k  is 
so  arranged  that  it  slides  on  guides,  the  weight  being  car- 
ried on  rollers. 

The  sliding  portion  k  is  fitted  with  a  cutting-off  gauge  c, 
which  can  be  set  at  any  angle,  so  as  to  cut  the  stock  at  right 
angles  or  to  any  desired  bevel.  The  gauge  is  held  on  the 
table  by  means  of  taper  pins  and  an  adjusting  clamp  screw 
that  passes  through  a  quadrant,  as  shown  in  Fig.  30. 


In  Fig.  30,  the  slitting  gauge,  or  fence,  f  is  shown  in 
place.  This  gauge  is  used  for  ripping,  and  is  so  arranged 
that  it  can  be  tilted  to  various  angles.  The  portion  of  the 
table  k  can  be  locked  in  place,  and  the  entire  table  tilted  as 
shown  in  Fig.  31.  In  Fig,  :!l,  the  fence /has  been  placed 
on  the  movable  portion  of  the  table  k  and  the  table  locked. 
This  tilting  of  the  table  is  very  handy  when  sawing  out 
staves   for  cylinders,  columns,  and  similar    patterns.      The 
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table  can  be  tilted  to  any  desired  angle  up  to  45°.  One  ad- 
vantage of  setting  the  gauge,  or  fence,  as  shown  in  Fig.  31, 
is  that  the  weight  of  the  stock  tends  to  keep  it  against  the 


gauge.  By  means  of  this  saw  and  its  attachments,  a 
patternmaker  can  save  a  great  deal  of  time,  as  it  will  cut 
practically  all  angular  forms. 


62*  Band  Saivs. — All  machines  employing  circular 
saws  are  suitable  only  for  angular  work  and  for  cutting  along 
straight  lines.  For  culling  irregular  or  curved  lines,  the 
band  >taw,  as  shown  in  Fig.  32,  is  very  useful.  In  this 
machine,  the  stock  to  be  cut  is  supported  on  the  table  ^. 
The  saw  is  in  the  form  of  a  band  and  runs  on  the  wheels  li 
and  e.  One  wheel  c  is  driven  by  a  belt  and  the  pulley  at/". 
In  order  to  prevent  the  saw  from  crowding  back  and  run- 
ning off  the  carrying  wheels  c  and  d,  a  special  guide  and 
support  c  is  provided.  This  guide  is  carried  on  an  adjust- 
able guide  arm  a. 

The  saw  is   held   in  place  by  means  of  two  adjustable 
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blocks  b,  b,  between  which  it  runs,  and  the  backward  thrust 
is  taken  by  the  disk  h,  across  one  edge  of  which  the  saw 
travels.  The  disk  //  has  a  slow  rolary  motion  caused  by  the 
friction  of  the  saw  traveling  on  it  and  this  causes  it  to  wear 
evenly.  The  upper  wheel  d  is  adjusted  vertically  so  that 
band  saws  of  slightly  different  length  may  be  employed  on 


the  machine.  When  in  use,  the  guide  c  should  always  be 
set  as  close  to  the  work  as  possible.  It  is  well  to  box  the 
space  below  the  band-saw  table,  or,  at  least,  to  provide  guards 
in  front  of  the  saw,  in  order  to  prevent  pieces  of  nialerial 
from  getting  between  the  spukes  of  the  wheel  and  also  the 
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workmen  from  accidentally  coming  in  contact  with  this  por- 
tion of  the  saw,  and  thus  being  injured. 

63.  <JIk  Saw. — Band  saws  are  very  useful  for  sawing 
most  curved  work,  but  when  it  becomes  necessary  to  saw 
out  the  center  of  a  piece, 
or  to  operate  inside  of  a 
closed  figure,  the  band  saw 
cannot  be  used  and  some 
form  of  Jlc  9avr  must  be 
employed.  Fig.  33  illus- 
trates a  machine  of  this 
character.  The  work  is 
supported  on  the  table  / 
and  operated  on  by  the  saw 
c.  This  saw  is  given  a 
reciprocating  motion  by 
means  of  the  crank  disk  a 
and  pitman  rod  *.  The 
upper  end  of  the  saw  IS 
carried  by  an  adjustable 
guide  ti,  which,  like  the 
guide  of  the  band  saw, 
should  always  be  set  close 
to  the  work.  The  guide  d 
is  adjusted  by  means  of 
the  hand  wheel  e.  The 
upper  end  of  the  saw  is 
attached  to  a  bar  or  a  strap 
carried  by  springs  ^,  which 
serve  to  keep  the  saw  taut. 
The  framework  carrying 
the  guide  and  springs  is 
""■'*'■  supported   by   a   brace  A, 

hanging  from  tlie  ceiling.  This  brace  is  steadied  by  three 
rods/",  wliich  can  be  adjusted  by  means  of  turnbuckles,  as 
shown.  The  jig  saw  is  not  as  convenient  as  the  band  saw  and 
will  not  work  as  fast,  because  it  only  cuts  during  the  down 
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stroke.  In  other  words,  it  only  saws  half  of  the  time  while 
the  band  saw  is  cutting  continuously.  When  working  inside 
of  closed  figures,  the  jig  saw  is  detached  from  the  straining 
frame  and  passed  through  a  hole  in  the  work,  after  which  the 
straining  frame  is  again  attached  and  the  work  continued. 


SURFACING   MACHINES. 

64.  Rotary  Planer. — Fig.  34  illustrates  a  typical 
planlns,  or  surfacing,  machine  that  is  well  adapted  for 
work  in  a  pattern  shop.  The  machine  shown  is  carried  on 
a  heavy  cast-iron  base  g  and  is  provided  with  a  two-part 
adjusting  table,  the  parts  a  and  d  being  separately  adjusted 
by  means  of  the  hand  wheels  and  screws  shown  at  e  and  f. 
The  portion  a  is  so  adjusted  as  to  receive  the  work  after 
it  is  cut;  the  table  ^should  be  adjusted  lower,  so  that  the 

J] 1 


Fig.  84. 

difference  in  elevation  between  the  two  tables  represents 
the  depth  of  cut  being  taken.  The  work  is  held  by  hand 
against  the  guide  c.  Various  special  attachments  and 
guides  may  be  used  in  connection  with  these  planers,  and 
they  are  also  handy  for  truing  up  and  smoothing  work. 
Among  the  operations  that  may  be  easily  performed  on  this 
style  of  machine  are  chamfering,  beveling  surfaces,  and,  to 
a  certain  extent,  taking  the  piece  out  of  wind,  though,  owing 
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to  the  fact  that  the  work  is  fed  over  the  table  by  hand,  it  is 
impossible  to  entirely  remove  wind  in  this  style  of  machine. 
6fi.  Daniel's  Planer. — This  style  of  machine  is  u^ed 
almost  entirely  for  taking  work  out  of  wind,  but  differs  from 
the  one  illustrated  in  Fig.  34  in  that  it  is  provided  with  a 
movable  table  similar  to  that  of  an  iron-planing  machine. 
The  piece  of  wood  to  be  operated  on  is  secured  to  this  table 
by  suitable  dogs  or  clamps  and  the  work  is  then  passed 
under  the  rotating  knives.  These  knives  are  usually 
rotated  in  a  horizontal  plane  on  the  end  of  a  vertical  axis, 
A  planer  of  this  kind  will  take  wind  out  of  timber  perfectly, 
on  account  of  the  fact  that  the  timber  is  rigidly  held  in 
place  while  being  operated  on,  but  the  Danters  planer  is 
not  suitable  for  work  on  very. thin  stock,  nor  will  it  answer 
for  the  large  variety  of  work  covered  by  the  form  shown  in 
Fig.  34. 


LATHES. 

66.  Face-Plate  Lathes. — For  turning  large  patterns, 
face-plate  lathes  are  employed,  as  shown  In  Fig.  35.  In 
this  form,  the  lathe 
is  supported  on  a 
heavy  base  a  and  is 
provided  with  a  short 
rigid  spindle  run- 
ning in  bearings  /',  b. 
Power  is  furnished 
by  a  belt  running  on 
the  cone  pulley  c. 
On  the  end  of  the 
spindle  is  placed  an 
iron  face  plate  d  and 
to  this  are  screwed 
boards  that  are  then 
turned  off  to  form  a 
wooden  face  plate  of 
large  diameter.    The 


PATTERNMAKING. 


work  to  be  turned  is  bolted  or  screwed  to  this  large  wooden 
face  plate.  Turning  tools  are  used  over  the  hand  rest  g, 
which,  in  this  case, 
is  carried  by  a  sup- 
port //,  which  is 
pivoted  at  I  so  that 
it  can  be  swung 
away  from  the 
front  of  the  lathe. 


This 


idge,  or 


support,  that  car- 
ries the  rest  is  pro- 
vided with  a  leg/, 
which  can  i)e  ad- 
justed directly  be- 
neath the  rest  g. 
When  turning 
very  large  work, 
;  or  work  that  pro- 
;  jecls  some  dis- 
tance from  the 
face  plate,  it  is  fre- 
quently necessary 
to  swing  the  arm  h 
outof  the  way,  and 
to  arrange  a  rest 
on  a  temporary 
wooden  horse. 
Every  pattern 
shop,  where  work 
of  any  size  is  done, 
should  be  provided 
with  line  or  more 
of  these  face-plate 
lathes. 


67.      l..arKe  Combination  l^uthe.— Fig.  30  illustrates 
a  very  handy  lathe  for  use  in  the  pattern  siiop.     The  bed, 
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or  shears,  j  is  supported  on  suitable  cast-iron  legs,  as 
shown.  On  these  shears  are  placed  the  headstock  a  and  the 
tailstock  by  also  the  movable  rests.  As  shown  in  the  illus- 
tration, the  long  rest^  is  in  place,  being  supported  at  two 
points.  When  short  work  is  to  be  turned,  only  one  of  the 
supports  is  employed  and  the  rest  shown  on  the  floor  at  h 
may  be  used. 

68.  Long  and  slender  work  is  turned  between  centers 
of  the  lathe,  c  being  the  live,  or  driving,  center  and  k  the 
dead  center.  Small  work  may  be  screwed,  or  otherwise 
secured,  to  the  small  cast-iron  face  plate  d.  Sometimes  the 
small  face  plate  d  is  replaced  by  the  casting  shown  on  the 
floor  at  /.  This  casting  has  a  threaded  spike,  or  screw,  in 
its  center  so  that  small  pieces  of  work  may  be  screwed  on 
it,  thus  doing  away  with  the  use  of  other  screws  or  fasten- 
ings. 

When  work  that  cannot  be  swung  over  the  shears  of  the 
lathe  is  to  be  turned,  it  may  be  secured  to  the  face  plate  r, 
which  is  placed  on  the  other  end  of  the  spindle  and  so 
arranged  that  it  overhangs  one  end  of  the  lathe.  When 
this  face  plate  is  used,  it  is  necessary  to  rig  up  a  temporary 
rest  on  wooden  blocking  to  carry  the  regular  iron  rest. 
The  shears  of  such  a  lathe  as  this  are  usually  about  18  feet 
long  and  it  is  arranged  to  turn  about  30  inches  in  diameter 
over  the  shears.  In  some  cases,  the  shears  j  are  made  of 
wood. 

69.  Small  Wood-Turnlne:  Latlie.  —  All  pattern 
shops,  and  especially  those  handling  small  work,  should  be  pro- 
vided with  at  least  one  small  lathe  capable  of  swinging  from 
12  to  16  inches  over  the  bed.  This  small  lathe  is  in  general 
appearance  like  that  shown  in  Fig.  36,  but  is  not  provided 
with  the  overhung  face  plate  i\  all  the  work  being  done 
between  the  centers.  Sometimes,  even  in  special  classes  of 
work,  small  bench  lathes  are  used  in  patternmaking,  but,  as 
a  rule,  one  having  from  a  12-inch  to  16-inch  swing  is  as 
small  as  would  be  required. 


§31 


PATTERNMAKING. 


41 


MISCELLANEOUS   TOOLS    AND    APPLIANCES. 


TRIMMERS. 


70«  Bencli  Trimmer. — While  adjustable  saws  similar 
to  those  shown  in  Figs.  30  and  31  will  cut  wood  to  any 
angle,  they  do  not  make  good  surfaces  for  gluing,  especially 
on  the  end  grain.     Owing   to  the  fact  that  it  is  difficult 


to  produce  these  surfaces  with  hand  tools,  trimtninK 
maclilnes  have  been  placed  on  the  market.  Fig.  37  (u) 
illustrates  a  front  view  and  Fig.  37  (/f)  a  back  view  of  one 
of  these  trimmers  intended  for  use  upon  a  bench 

The  stock  to  be  trimmed   is  placed   against   one  n(   the 
adjustable  wing  guides,  as  shown  at  ^/,  and  one  or  the  other 
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of  the  knives  a,  b  is  employed  to  trim  the  end  of  the  piece, 
the  lever  c  being  used  for  operating  the  knives.  The  bed 
of  this  machine  has  various  angles  marked  on  it,  and 
the  adjustable  wings  d  may  be  set  at  any  desired  angle. 
This  enables  the  trimmer  to  finish  the  ends  of  pieces  to 
form  segments  for  figures  having  any  desired  number  of 
pieces  in  the  circle.  These  bench  trimmers  are  generally 
a  part  of  the  shop  equipment,  but  are  sometimes  owned 
by  individual  patternmakers  and  are  kept  on  their  own 
benches. 


7 1 .  Larse  Trimming  Machine.  —  Fig.  38  shows 
front  and  back  views  of  a  large  trimming  machine  similar 
in  action  to  the  bench  trimmer.  This  machine  has  a  much 
larger  capacity  and  is  mounted  on  a  rigid  base.     Instead 


of  operating  the  knives  by  means  of  a  lever,  they  are  oper- 
ated by  the  capstan  wheel  shown  at  a.  As  in  the  smaller 
machine,  the  bed  is  provided  with  adjustable  guides,  so  that 
any  desired  angle  may  be  cut.  Large  machines  of  this  class 
are  a  portion  of  the  regular  equipment  of  the  shop  and  are 
supplied  by  the  owners. 
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GlilNDSTONBS. 

72.  All  pattern  shops  should  be  provided  with  grind- 
stones for  the  use  of  the  men  in  sharpening  both  the  hand 
tools  and  the  tools  for  the  machines.  The  grindstones 
for  use  in  the  pattern  shop  should  be  well  mounted,  and 
many  men  prefer  using  a  wooden  rest  for  supporting  the 
tool  while  grinding.  Ordinarily,  for  wood-working  tools, 
the  grindstone  is  run  at  a  speed  of  about  600  feet  per 
minute.  Others  run  the  stone  at  such  a  speed  that  the 
water  will  just  remain  upon  it  without  being  thrown 
about  the  shop.  Grindstones  always  cut  better  when 
they  are  used  wet,  but  they  should  never  be  left  standing 
in  water. 


^ 


CLAMPS. 

73.  All  pattern  shops  should  be  provided  with  plenty 
of  clamps  for  holding  work  while  the  glue  is  hardening. 
The  form  of  wooden 
parallel  clamp  shown  in 
Fig.  39  is  the  most  ser- 
viceable, and  several 
dozen  of  these  should 
be  on  hand.  Metal  C  C^^3I3 
clamps  are  also  used  to 
some  extent.  It  is  also 
desirable  to  have  special 
clamps  for  securing 
large  pieces.  These  are 
frequently  made  by 
placing  one  fixed  and  one  adjustable  jaw  on  a  piece  of 
timber  5  or  6  feet  long,  the  adjustable  jaw  being  so  arranged 
that  it  can  be  moved  2  or  3  inches  at  a  time  and  secured 
in  the  desired  positions  by  means  of  a  pin  or  notches.  The 
finer  adjustments  are  obtained  by  means  of  a  screw  carried 
by  one  of  the  jaws. 


Lj        1 r^ — ^ 


Fig.  39. 


5".  yoL  IV.'-4. 
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WORK  BENCH. 

74.  General  Consideration  of  Bencli.  —  Probably 
one  of  the  most  suitable  benches  for  use  in  the  pattern  shop 
is  a  regular  cabinetmaker's    bench,  such  as  is  shown  in 


FIO.41. 


FlO.  40. 

Fig.  40.  This  bench  is  provided  with  two  vises,  one  at  a 
and  one  at  d^  and  also  with  a  series  of  holes,  as  ^,  r,  to 
receive    movable  stop-pins.     Fig.  41  illustrates  a  common 

.       form  of  stop-pin  for  use  in  such  holes.     The  pin 

^       Y^    is  held  at  any   desired   height  by   means  of  the 
L'    spring  x  and  the  work  is  placed  against  the  face  b, 
I        It  will  be  noticed  that  the  vise  rf.  Fig.  40,  is  really 
a  portion  of  the  bench,  so  mounted  that  it  can  be 
moved  by  means  of  the  screw  e.     This  portion  of 
the  bench  carries  several  of  the  stop-pin  holes  c. 
By  using  one  stop-pin  in  one  of  the  holes  in  d  and 
another  in  the  bench,  it  is  possible  to  clamp  long 
pieces  of  work  flat  upon  the  surface  of  the  bench. 

75.  Adjustable  Bench  Stops. — While  the  form  of 
bench  stop  shown  in  Fig.  41  is  very  useful,  it  is  well  to  have 
an  adjustable  bench  stop  of  a  form  similar  to  those 
shown  in  Fig.  42.  These  are  intended  for  holding  the  end 
of  work  steady  while  it  is  being  planed.  The  one  shown  in 
Fig.  42  (a)  has  a  cylindrical  bar,  or  stem,  6,  which  carries 
the  stop-head  a.  The  stop  can  be  secured  at  any  height  by 
means  of  the  screw  r,  the  head  of  which  projects  through 
the  front  of  the  bench.  This  form  is  useful  on  account  of 
the  fact  that  by  loosening  the  screw  r,  the  stop  can  be 
turned    so   as  to   engage   the    end   of    work    that    is  not 
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sawed  off  square.     Fig.  43  (l>)  shows  another  form  of  bench 
stop  in  which  the  head  a  is  mounted  on  a  square  bar  d. 


This  bar  can  be  clamped  in  place  by  means  of  the  clamping 
lever  li,  which  is  operated  by  the  screw  e.  Usually,  one 
such  stop  is  placed  at  the  left-hand  end  of  the  bench. 

76.  Vises. — For  general  patternmaking,  the  form  of 
vise  shown  at  a.  Fig.  40,  is  frequently  replaced  by  a  quick- 
closing  vise.  Fig.  43  il- 
lustrates a  vise  belonging 
to  this  class.  The  jaws 
are  controlled  by  the 
lever  ii,  which  operates  a 
cam  d.  This  cam  controls 
a  block  r  working  against  pig,  «. 

the  toothed  rack  rf.  When  this  lever  is  brought  to  one 
IKjsition,  the  block  c  drops  out  of  contact  with  the  rack  and 
the  jaw  can  be  moved  to  approximately  any  desired  posi- 
tion. The  first  action  that  resuUs  on  turning  the  lever  is 
the  raising  of  block  c  into  contact  with  the  rack  i/,  and 
after  it  is  in  contact,  the  cam  draws  the  movable  jaw  c 
toward  the  fixed  jaw/.  Such  a  vise  as  this  can  be  very 
(|uickly  adjusted  and  is  extremely  useful  fur  many  classes  of 
work.  Similar  vises  using  screws  are  manufactured,  and 
are  so  arranged  that  the  nuts  can  be  temporarily  separated 
for  quick  adjustment. 
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77.     Bencli  Hook. — One  very  useful  accessory   to  the 

work  bench  is  the  bench  hook  shown  in 
Fig.  44.  This  really  forms  a  movable  stop 
that  can  be  used  at  right  angles  to  the 
front  face  of  the  bench.  When  it  is  desired 
to  saw  off  a  piece  of  stock,  the  bench  hook 
is  placed  on  the  bench,  one  shoulder  being 
set  against  the  edge  of  the  bench  while 
the  upper  shoulder  serves  as  a  stop  for 
Pig.  44.  the  stock  while  sawing. 


^ 
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(PART  2.) 


ALLOWANCES    NECESSARY    IN 
PATTERNMAKING. 

1  •     General    Consideration   of    Alloiw^ances.  —  In 

practice,  it  has  been  found  that  a  casting  obtained  from  a 
pattern  is  rarely,  if  ever,  of  exactly  the  same  size  and  shape 
as  the  pattern  itself,  and,  to  overcome  this  difficulty,  cer- 
tain allowances  must  be  made.  In  order  to  understand  the 
conditions  that  exist  and  to  make  these  allowances  properly, 
it  is  necessary  to  study  the  causes  of  the  different  variations. 
The  principal  allowances  necessary  are  for  drafts  shrink- 
age,  finish^  and  shake.  Each  one  of  these  will  be  taken  up 
separately. 


DRAFT. 

2.  The  pattern  is  usually  given  a  slight  taper  so  that  it 
may  be  more  easily  withdrawn  from  the  mold.  This  taper 
is  called  the  draft.  The  surface  from  which  the  draft  runs 
is  called  \.\\^  face  oi  the  pattern,  and  is  usually  the  uppermost 
surface  of  the  mold  when  the  pattern  is  drawn.  Fig.  1 
illustrates  the  manner  in  which  the  allowance  for  draft  is 
made.  The  shape  of  the  required  casting  is  indicated  by  the 
dotted  lines.  It  will  be  noticed  that  the  draft  has  been  given 
by  increasing  certain  dimensions  of  the  pattern.  For  in- 
stance, the  diameter  of  the  flange  c  d  has  been  increased  at 
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the  face  to  ad  and  the  diameter  of  the  hole  ^A  has  been 
decreased  at  the  face  to  e/,  thus  increasing  the  thickness  of 

the  pattern.     No  unvarying  rule  as 

to  the  amount  of  draft  can  be  given. 

On    comparatively    small    work,    a 

taper  of  ^  inch  per  foot  represents, 

approximately,  an  average  amount, 

but  in  some  cases  very  much  less  is 

employed,    while   in    other  cases    a 

greater  amount  is  given.    Some  pat- 

'^*  ^  terns  are  of  such  form  that  they  do 

not  require  an  allowance  for  draft,  because  of  the  fact  that 

none  of  the  surfaces  are  at  right  angles  to  the  face. 


8HRINKAGB. 

3.  General  Consideration  of  Stirinkage. — An  iron 
casting  is  always  smaller  than  the  mold  in  which  it  is  made, 
and  this  is  true  of  castings  made  from  any  of  the  metals  in 
common  use.  This  difference  in  size  is  due  to  the  slirink- 
age  of  the  metal  when  cooling.  The  amount  of  shrinkage 
varies  with  the  shape  and  size  of  the  casting  and  with  the 
kind  of  metal  employed.  Brass,  for  instance,  will  shrink 
more  than  iron;  and,  again,  iron  that  is  very  hot  will  shrink 
more  than  iron  that  is  comparatively  cool  when  poured. 

4.  Alloiw^ances  for  Siirlnkage. — The  shape  and  size 
of  a  casting  have  so  much  to  do  with  the  amount  of  shrink- 
age that  an  iron  which  will  shrink  ^  inch  to  the  foot  in  light 
work  may  only  shrink  ^  inch  or  less  in  the  case  of  heavy  work. 
For  instance,  when  casting  large  cylindrical  or  box-shaped 
iron  castings,  an  allowance  of  -^  inch  to  the  foot  in  length- 
and  from  ^^  to  -^^  inch  to  the  foot  in  diameter  is  usually  a 
sufficient  allowance  for  shrinkage.  The  reason  for  the  dif- 
ference in  the  allowance  for  length  and  diameter  is  due 
to  the  fact  that  the  castings  are  practically  unrestricted  in 
their  length  and  are  comparatively  free  to  shrink  in  this 
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direction,  while  in  the  diameter  the  shrinkage  is  restricted 
by  the  cores  and  internal  parts  of  the  mold. 

The  usual  allowances  that  patternmakers  make  for  shrink- 
age for  ordinary  purposes  are  as  follows:  iron,  ^  inch  per 
foot;  common  brass,  ^^  inch  per  foot;  yellow  brass,  ^  inch 
per  foot;  aluminum,  ^  inch  per  foot;  steel  castings,  from 
J  to  J  inch  per  foot,  depending  on  the  kind  of  casting  and 
the  temperature  at  which  it  is  to  be  poured. 


FINISH. 

5.  Deflnltlon. — When  the  surface  of  the  casting  is  to 
be  cut  away  or  finished,  an  allowance  equal  to  the  amount 
removed  is  added  to  the  pattern  and  is  called  an  allowance 
for  flnlsli. 

6.  Alloiw^ance  Necesaary  for  Flnlsli. — The  allow- 
ance made  for  finish  must  always  be  sufficient  so  that  all  the 
scale  will  be  removed  and  clean  metal  exposed.  For  iron, 
an  allowance  of  from  tV  ^^  i  ^^^^  ^^  sufficient  in  the  case  of 
small  work,  but  as  the  size  of  the  casting  increases,  its  irreg- 
ularities and  the  total  amount  of  shrinkage  increase,  and  a 
greater  allowance  for  finish  must  be  made.  In  the  case  of 
heavy  engine  beds  and  similar  large  castings,  an  allowance 
of  from  }  to  1  inch  is  frequently  made.  Steel  castings  are 
usually  very  rough,  especially  when  large,  and  they  also 
become  more  or  less  distorted  in  casting  and  annealing. 
On  this  account,  an  extra  allowance  is  made  for  finish. 
Each  individual  shop  must  determine  its  own  system  of 
allowances  for  finish,  as  it  is  dependent  in  part  on  the 
manner  in  which  the  work  is  machined  and  the  molding 
done. 


8HAKB. 

7.  Conditions  Under  Wliich  the  Allowance  Be- 
comesi  Necessary. — The  molder  usually  loosens  the  pat- 
tern in  the  mold  by  rapping  before  withdrawing  it.  As  this 
tends   to    increase   the   size  of   the   mold,   it  may  become 
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necessary  to  make  an  allowance  for  shake  in  some  cases, 
especially  when  dealing  with  small  castings,  or  the  small 
details  of  large  castings. 

If  small  castings  are  intended  to  fit  together  without 
finish,  as  shown  in  Fig.  2,  the  dimension  a  on  the  piece  c  is 
increased  by  shake,  while  the  space  a  on  the  piece  b  is 
reduced,  and,  as  a  consequence,  the  two  pieces  will  not  fit 
together;  hence  the  patterns  should  be  made  with  an  allow- 
ance for  shake,  the  dotted  lines  indicating  such  allowance. 
In  this  case,  the  two  patterns  would  go  together  loosely,  but 
the  two  castings  would  probably  go  together  tightly.     It  is 

very  rare  that  the  attempt 
is  made  to  fit  castings  to- 
gether without  some  finish, 
but  very  frequently  it  is 
Pio.  2.  necessary  to   make  an  al- 

lowance for  shake.  It  is  impossible  to  give  any  definite 
amount  as  the  proper  allowance  for  shake,  as  this  must  be 
determined  by  experiment  in  almost  every  case.  Usually, 
an  allowance  for  shake  is  only  made  on  small  patterns, 
and  it  is  not  often  required  in  cases  where  the  dimen- 
sions of  the  pattern  exceed  4  inches.  On  small  pieces, 
shake  and  shrinkage  tend  to  neutralize  each  other,  and  in 
many  cases  they  are  supposed  to  do  so  between  the  limits  of 
4  and  6  inches.  On  dimensions  of  over  6  inches,  an  allow- 
ance is  usually  made  for  shrinkage. 


8.  Conditions  Governing  Warp.  —  Some  castings 
will  become  distorted  in  the  mold  when  cooling,  owing  to 
their  varying  thickness  or  to  one  surface  being  exposed 
more  than  another  so  that  it  cools  more  rapidly.  For  this 
reason,  it  is  frequently  necessary  for  the  patternmaker  to 
make  some  allowance  for  ^warp  by  changing  the  shape  of  the 
pattern.  The  amount  of  allowance  necessary  must  be 
determined  by  trial  in  almost  every  case,  but  there  are 
some  general  rules  or  laws  that  govern  such  cases,  and  by 
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studying  them  and  exercising  a  little  care  in  molding,  these 
difficulties  may  frequently  be  overcome.  If  a  casting  of  the 
form  shown  in  Fig.  3  ^ 
is  desired,  it  will  be  (^ 
noticed  that  the  web  a 
is  thin  compared  with 
the  upper  portion  of 
the  casting  b.  This 
web   would   cool   first  ^^®-  ^• 

and  thus  determine  the  length  of  the  lower  portion  of  the 
casting.  The  portion  b  would  cool  more  slowly  and  would  con- 
tract somewhat  after  the  web  a  had  become  permanently  set. 
The  shortening  of  the  upper  face  of  the  casting  would  tend 
to  warp  it  as  indicated,  somewhat  exaggerated,  by  the 
dotted  lines.  In  other  words,  the  portion  that  contains 
the  largest  body  of  metal  cools  last  and  tends  to  become 
the  shortest.  In  order  to  make  this  casting  straight,  it  is 
necessary  to  make  the  upper  face  of  the  pattern  convex  or 
to  cause  the  upper  face  to  cool  more  rapidly  than  the  lower 
portion.  The  latter  may  be  accomplished  in  molding  by 
bedding  the  web  a  deep  in  the  sand  and  having  only  a  thin 
layer  of  sand  on  top  of  the  portion  b  so  that  the  heat  will 
radiate  and  escape  from  it  rapidly.  Frequently,  molders 
uncover  or  partially  uncover  large  masses  or  heavy  irreg- 
ular parts  of  castings  so  as  to  cause  them  to  cool  more  rap- 
idly and  thus  reduce  the  strains  caused  by  irregular  cooling. 
When  casting  plates  that  are  strengthened  by  means  of  ribs, 
care  should  be  taken  to  make  the  ribs  approximately  the 
same  thickness  as  the  plate,  as,  otherwise,  they  will  have  a 
decided  tendency  to  warp  the  casting. 


MARKING  AND  RECORDING  PATTERNS. 

9.  Necessity  of  a  System. — Where  a  large  number  of 
patterns  must  be  stored  and  taken  care  of,  it  is  important 
to  have  some  system  by  means  of  which  any  given  pattern 
can  be  immediately  located  and  by  means  of  which  castings 
can  be  ordered  from  any  given  pattern.     The  system  in 
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most  common  use  is  to  fix  some  mark  or  symbol  upon  each 
pattern  and  then  make  a  record  of  this  symbol.  It  would 
be  impossible  to  give  examples  of  all  the  different  systems 
employed  for  marking  and  recording  patterns,  but  the  follow- 
ing general  description  can  be  applied  in  most  cases,  or  a 
modification  of  it  can  be  worked  out  for  any  given  case. 
The  advantages  of  having  a  system  are  as  follows:  The 
marks  facilitate  the  ordering  of  castings  and  help  to  pre- 
vent confusion  in  the  foundry  and  the  mixing  of  patterns. 
When  the  order  for  a  casting  is  written  out  (as  it  always 
should  be),  the  mark  corresponding  to  that  on  the  pattern 
is  put  on  the  order  so  that  the  molder  and  the  pattern- 
maker cannot  misunderstand  each  other  by  naming  parts 
differently. 

lO.  Marking  Patterns. — To  mark  a  pattern,  a  letter 
and  number  may  be  fixed  upon  each  pattern  so  that  they  will 
appear  on  the  casting.  The  letter  is  to  designate  the  class 
of  r»achinery,  or  it  may  be  used  for  a  certain  machine. 
The  number  is  to  designate  one  part  of  the  machine  from 
another. 

In  the  case  of  large  manufacturers  that  have  patterns 
for  a  number  of  different  classes  of  machines,  and  often  a 
number  of  different  sizes  of  machines  in  each  class,  the  ques- 
tion may  arise  as  to  what  should  be  done  when  the  alphabet 
is  exhausted.  In  this  case,  two  letters  can  be  used  to  desig- 
nate a  machine  or  class,  commencing  with  AA^  AB,  AC, 
and  so  on  through  the  alphabet  again;  then  begin  with  BA, 
BB,  BC,  etc.  Thus  it  will  be  seen  that  it  is  possible  to 
have  a  large  combination  of  distinct  and  separate  classes 
without  confusion.  The  mark  placed  upon  each  pattern 
should  also  be  entered  on  the  drawings.  This  is  frequently 
neglected,  but  where  it  is  done,  it  greatly  facilitates  the 
work  in  the  machine  shop. 

In  the  case  of  patterns  having  core  boxes  or  loose  pieces, 
each  piece  or  core  box  should  receive  the  mark,  as  this  will 
enable  the  foundry  man  to  keep  the  pieces  together  and  to 
avoid  mistakes. 
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18-INCH  AND  20-INCH  CORLISS   BnGINBS. 


Pattern 
Mark. 

Name  c»f  Part, 

Castings 
Wanted. 

Weight. 

Pattern 
At 

Remarks. 

1 

A      1 

1 

,  Engine  frame,  18' X  36" 

3.555 

2 

A      1 

1  Engine  frame,  18'x42' 

3,905 

This  pattern 

A      1 

Engine  frame,  18' X  48' 

is  constructed  so 

A      1 

Engine  frame,  20' x  36' 

that  it  can  easi- 

A     1 

Engine  frame,  20''X  42* 

ly  be  changed  to 

A      1 

Engine  frame.  20'  X  48' 

different  strokes 

A      2 

Main  pillow-block 

2,015 

3 

and  sizes. 

A      3 

Cap  for  block 

475 

A      4 

Oil  cover 

10 

A      5 

Corliss  cylinder.  18''x36' 

3,790 

2 

A      5 

Corlisscylinder.  18'x42• 

1 

4,290 

A      5 

Corlisscylinder,  18'x48' 

Patterns  are 

A      C 

Corliss  cylinder,  20'x36' 

4,125 

arranged  on  the 

\      C 

Corliss  cylinder,  20''x42'' 

4,280 

telescopic  prin- 

A     6 

Corliss  cylinder.  20'x48' 

ciple. 

A      7 

Frame  foot 

1 

1 

A      8 

Cylinder  feet  (20*  cylin- 
der) 

2 

A      8 

Cylinder  feet  (18'  cylin- 

der) 

2 

« 

1  A      9 

Crank.  36'  stroke 

1 

,  A    10 

1 

Crank,  42'  stroke 
Brass, 

1 

A    70 

Key  heads 

12 

A    71 

Knock-off  latches 

2 

Strong  bronze. 

A    72 

Cunnecting-rod  box 

1 

Crank  end. 

A    73 

Connecting-rod  box 

1 

Crosshead  end. 

A    74 

Bushing  for  piston  rod 

1 

A    75 

Bonnet  bushings 

4 

A    76 

Eccentric  strap  shims 
S/^c/  Castings. 

2 

A  100 

Crosshead  nut 

1 

4 

Nov.  3.  1892. 

A  101 

Cheek  pieces  for  pattern 

block 

2 

4 

Nov.  3.  1892. 

INDEX   OP   FIRMS   TO 

WHOM    P 

ATTERNS    ARE   SENT. 

1  Eddy  Foundry  Co.,  Chicago,  Iron  Foundry. 

2  Chicago  Foundry  Co.,  Chicago,  Iron  Foundry. 

3  Bouton  Foundry  Co..  Chicago,  Iron  Foundry. 

4  Pittsburg  Steel  Casting  Co.,  Pittsburg,  Steel  Foundry. 
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11.  Recording:  Patterns. — The  accompanying  sample 
entry,  taken  from  a  pattern-recording  book,  will  serve  to 
illustrate  the  manner  in  which  this  work  may  be  carried  out. 

12.  The  column  marked  **  Pattern  At"  will  be  found 
very  useful  when  patterns  are  sent  to  outside  foundries,  as 
it  will  enable  the  patternmaker  to  locate  all  his  patterns 
accurately.  In  connection  with  this  column,  an  index  is 
made  showing  the  names  of  firms  to  whom  patterns  have 
been  sent.  Each  firm  is  given  a  number,  as  shown.  When 
a  pattern  is  sent  out,  the  number  corresponding  to  the  firm 
to  whom  it  has  been  sent  is  marked  with  a  lead  pencil  in  the 
number  column  and  opposite  the  pattern  that  is  sent  out. 
When  it  is  returned,  the  lead-pencil  mark  is  erased,  showing 
that  it  has  been  returned  and  restored  to  its  place. 

It  often  appears  that  in  a  set  of  patterns  for  a  certain 
machine,  there  are  some  parts  that  can  be  used  on  other 
machines.  In  such  cases,  entries  should  be  made  in  the 
schedule  of  each  machine,  stating  that  these  pieces  can  be 
used  and  giving  the  letter  and  number  upon  each  piece. 

13.  Miscellaneous  Patterns.  —  There  is  always  a 
large  number  of  miscellaneous  patterns  that  cannot  well  be 
classified,  yet  many  of  them  are  frequently  recorded  and 
should  be  marked  so  that  they  can  easily  be  found.  These 
may  be  given  a  symbol  and  entered  under  the  head  of  mis- 
cellaneous. 

14.  Roush  Patterns. — There  are  always  some  rough 
patterns  made  that  are  wanted  simply  for  a  single  casting 
and  are  frequently  of  the  skeleton  type.  These  patterns  are 
usually  not  recorded  and  it  is  generally  best  to  destroy  them 
as  soon  as  they  have  served  their  purpose. 

15.  General  Remarks  on  Recording. — As  a  rule, 
the  billing  and  shipping  clerks  that  handle  patterns  are 
not  familiar  with  the  names  of  the  parts  of  the  machines; 
hence,  matters  are  greatly  simplified  by  having  these  parts 
recorded  by  letter  and  number,  and  by  adopting  such  a 
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system  it  is  possible  even  for  a  stranger  to  find  any  desired 
pattern,  providing  the  shelves  or  bins  where  the  patterns  are 
stored  are  marked  with  the  letter  corresponding  to  the  class 
belonging  there.  The  system  described  is  intended  simply 
as  a  suggestion  in  order  to  show  how  the  work  may  be  car- 
ried out,  but  every  pattern  shop  should  have  some  definite 
system  of  its  own  and  a  definite  order  for  storing  and  keep- 
ing the  patterns.  Sometimes  shops  adopt  a  system  of  paint- 
ing all  outside  faces  of  patterns  a  different  color  from  the 
faces  that  come  in  contact  with  other  portions  of  the  pat- 
tern, so  that  the  molder  can  tell  at  a  glance  whether  some 
piece  of  the  pattern  is  lacking  or  not. 


MAKING  PATTERNS. 


SMALL    RECTANGULAR    PATTERNS    AND   CORE 

BOXES. 

16.  Patterns  for  Solid  Castings.— Patterns  of  this 
kind  are  usually  made  solid  by  first  sawing  the  stock  to 
approximately  the  required  size  and  then  finishing  it  with 
a  plane  or  such  other  tools  as  may  be  most  convenient.  In 
getting  out  the  stock  from  which. to  make  patterns,  it  is 
necessary  to  take  into  account  not  only  the  allowances  for 
draft,  shrinkage,  shake,  and  finish,  but  also  to  allow  suflScient 
material  for  the  finishing  of  the  pattern  with  the  planes, 
chisels,  or  other  tools  employed. 

17.  When  a  pattern  is  thin  and  flat,  as  shown  in  Fig.  4, 
the  allowance  for  draft  may  be  disregarded,  on  account  of  the 
fact  that  the  rapping  will  be  all  that  is  neces- 
sary to  free  the  pattern  from  the  sand  so  that 
it  can  be  removed  from  the  mold,  and,  in  the 
case  of  small  patterns,  that  is,  up  to  G  inches,  fig-  <• 

the  rapping  will  also  enlarge  the  mold  sufficiently  to  com- 
pensate for  the  shrinkage  of  the  casting  due  to  cooling. 


10 


PATTERNMAKING. 


§32 


18.     When  the  depth  of  the  pattern  is  comparatively 
great,  as  in  the  case  shown  in  Fig.  5,  an  allowance  for  draft 

must  be  made.  The  face  a  of  the  pattern 
is  larger  than  the  required  size  of  the  casting 
by  the  amount  necessary  for  draft.  The  op- 
posite end  b  of  the  pattern  is  made  of  the  re- 
quired size,  the  dotted  lines  indicating  the 
amount  that  has  been  added  to  provide  for 
draft.  In  the  case  of  large  solid  castings,  the 
patterns  are  sometimes  made  hollow  like 
Pio.  6.  wooden  boxes,  so  as  to  make  them   lighter 

for  the  molder  to  handle  and  also  to  reduce  the  amount 
of  timber  necessary  in  the  pattern. 


1 


1 9.  Patterns  for  Hollo iw-  Castings.  —  When  it  is 
required  that  there  shall  be  openings  in  or  through  the 
casting,  the  pattern  is  made  to  leave  its  own  core  when  pos- 
sible. Fig.  6  illustrates  a 
cross-section  of  a  mold  con- 
taining a  pattern.  At  a^ 
the  pattern  leaves  a  mass 
of  sand  forming  a  core  that 
will   make  a   hole   entirely  pio.  6. 

through  the  casting,  while  at  b  simply  a  small  ridge  of  sand 
is  left  as  a  core  to  form  a  depression  in  the  metal.  Both 
of  these  cores  are  left  by  the  pattern.  In  such  cases  as  this, 
the  inside  of  the  opening  for  forming  the  core  and  the  out- 
side of  the  pattern  are  both  given  a  slight  taper  from  the 
face,  for  draft. 


20.  When  the  core  becomes  long  so  that  it  is  impossible 
to  draw  the  pattern  from  around  it,  or  when  the  core  is  of 
such  a  shape  that  a  pattern  cannot  be  drawn,  it  becomes 
necessary  to  use  a  separate  core.  Short  square  cores  may 
be  formed  in  a  simple  core  box  like  the  one  shown  at 
Fig.  7  (a)  and  short  cylindrical  cores  in  a  box  similar  to  the 
one  shown  at  Fig.  7  (b).  In  this  case,  the  opening  for 
the   core   is  simply   an  opening  bored   through  a  block  of 


§32 


PATTERNMAKING. 


11 


wood  that  has  been  sawed  apart  to  facilitate  the  removing 
of  the  core.     In  sawing,  the  parting  line  has  been  made 


Fio.  7. 


irregular,  as  shown  at  a  and  by  these  curves  serving  to 
properly  locate  the  parts  of  the  core  box.  Other  devices  for 
accomplishing  this  same  thing  will  be  illustrated  later. 


PATTERN    TURNING. 

21.     Distinctive  Features  of  Pattern  Turning. — 

The  operation  of  pattern  turning  is  carried  on  in  a  different 
manner  from  the  ordinary  work  of  the  wood  turner.  Ordi- 
narily, the  patternmaker  does  not  use  a  tool  ground  on  both 
sides  and  held  sidewise  for  finishing  as  does  the  wood  turner, 
but  employs  a  thick  chisel  ground  on  one  side  only,  with 
which  he  scrapes  the  work  by  firmly  holding  the  chisel  flat- 
wise on  the  rest.  Patternmakers  turn  in  this  way  because 
the  work  must  be  approximately  round  and  of  exact  size, 
the  finish  being  of  secondary  importance,  and  also  because 
it  is  possible  to  produce  the  finish  later  by  other  means.  In 
the  case  of  a  regular  wood  turner,  the  work  is  rarely  re- 
quired turned  to  exact  dimensions,  but  a  smooth  finish  is 
usually  of  great  importance. 

The  patternmaker  usually  turns  small  core  prints  and 
similar  small  work  just  as  the  ordinary  wood  turner  would, 
with  a  chisel  ground  on  the  skew  and  on  both  sides.  In  the 
case  of  heavy  work,  especially  when  turning  built-up  pat- 
terns, the  work  is  frequently  firmly  secured  in  a  lathe,  and 


a  sliding  rest,  similar  to  that  e 
lathes,  placed  before  it,  the  tii 
tools  held  in  the  rest. 


iploy(!(l  in  the  metal-working 
iiiiig  being  <!oiie  by  means  g 


EXAMPLE  OF  SIMPLE   Tl'HNEll    PATTERNS. 

22.  Pattern  for  Solid  Roller.— The  pattern  showfl 
in  Fig.  8  may  be  taken  as  a  fair  representative  of  this 
The  kind  of  pattern  made  to  produce  this  roller  will  depen^ 
largely  on  the  number  of  castings  required  and  the  faciliti^ 

at  hand.     When  but  a  few  casiingi 

are  wanted,  a  pattern  will  be  tiirne< 
out  of  one  piece  having  the  samd 
shape  as  the  casting.     This  simpli- 
^'^'  ^'  tication  of  the  work  of  the  pattern- 

maker throws  additional  labor  on  the  moider  on  account  of 
the  fact  that  it  necessitates  his  cutting  down  the  parting 
line  of  the  mold,  as  shown  in  Fig.  9.     The  pattern  is  showttj 
at  r,  and  it  will  be  noticed  that  the  moider  has  been  forc< 
to  cut  away  the  sand  alonjj  th'-  !in  ••  u  f>  and  cii  so  as  tt^ 


enable  him  to  draw  the  pattern  from  the  mold.  This  leaves 
the  lower  portion  of  the  mold  comparatively  simple,  but 
the  cope  or  upper  portion  will  have  a  body  o£  sand  hanging 
from  it  as  shown  at  e,  and  this  is  objectionable  in  most 

work. 
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23.  If  a  great  numlicr  of  castings  is  wanletl,  the  pat- 
icrnmakrr  may  slilt  make  a  solid  pattern  and,  in  addition, 
inaku  what  is  called  an  odd  sidf  or  match.  This  is  illus- 
trated in  Figs.  10  and  11.  In  Fig.  10,  the  pattern  a  is 
shown  embedded  half  its  depth  In  piaster  or  oil  sand.  The 
odd  side  is  made  in  a  box  r,  whii:h  must  be  of  the  same  size 


as  the  rai>1d.  If  it  is  made  of  plaster,  it  is  allowed  to  harden, 
and  if  made  of  oil  sand,  it  is  dried  until  the  material  has 
become  firm.  The  plaster  or  sand  is  usually  made  to  ad- 
here to  tlie  box  c  by  means  of  nails  driven  on  the  inside  of 
the  box.  The  method  of  using  the  odd  side  is  shown  in 
Fig.  11,  in  whii-h  n  is  the  pattt-rn,  b  is  the  sand  or  plaster  of 


ihc  odd  side,  c  is  the  box  containing  it,  and  d  is  the  nowel 
iif  the  flask.  This  is  placed  upon  the  box  c  and  sand  rammed 
in  as  shown,  after  which  the  whole  is  turned  over,  the  odd 
side  removed,  and  molding  proceeds  as  usual.  If  it  is  so 
desired,  several  solid  patterns  may  be  made  and  an  odd  side 
provided  that  will  accommodate  all  of  them. 

24.  Jnlnlcd  llnller  Pntt«rn.— When  there  is  only  a 
initkralc  number  of  casting,-)  required,  the  patternmaker 
usually  provides  a  jointed  pattern.      This  is  also  frequently 
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done  on  account  of  the  fact  that  odd  sides  or  matches 
are  large  and  awkward  and  inconvenient  to  store,  also  the 
odd  side,  or  match,  can  only  be  used  with  a  flask  of  the 
same  size  as  the  box  containing  it,  while,  with  a  jointed  pat- 
tern, any  form  of  flask  of  suflicient  size  may  be  employed. 
In  a  jointed  pattern,  the  molding  is  facilitated  by  making 
the  pattern  in  halves.     To  make  a  pattern  for  the  roller 


illustrated  in  Fig.  8,  two  pieces  of  wood  should  be  taken 
as  shown  in  Fig.  12  [a).  These  pieces  are  sawed  from  a 
board  or  plank  and  are  larger  than  the  required  pattern 
so  as  to  allow  for  finishing  the  pattern.  Fig.  12  {d)  shows 
the  two  pieces  face  to  face  and  the  outline  of  the  required 
pattern  drawn  upon  them,  thus  illustrating  the  allowances 
that  are  ordinarily  made. 

25.     The  pieces  should  next  be   doweled  together.     If 

wooden  dowels  are  employed,  they  may  be  put  in  place  by 

clamping  one  piece  on  top  of  the  other  and 

,      boring  through  the  first  and  partly  through 

the  second,  as  shown  by  the  dotted  lines  at 

c,  c.  Fig,  12  {a).     If  it  is  desired  to  keep  the 

,  outside  surface  of  the  pattern  unbroken, 

-iw  "    the  holes  may  be  located  by  laying  two 

Flo.  IS.  small  wire  nails  between  the  pieces  and 

then  tapping   the  other  piece  with  a  hammer  or  mallet. 

The  heads  of  the  nails  will  make  impressions  in  each  piece, 
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which  will  indicate  the  centers  of  the  holes  to  be  bored. 
Fig.  13  illustrates  a  dowel  that  has  been  put  in  in  this  man- 
ner, a  being  the  dowel,  which  is  glued  to  the  portion  of  the 
pattern  b  and  6ts  into  the  hole  in  c.  The  pins  should  not  be 
placed  at  equal  distances  from  th^  ends  of  the  pattern,  but 
one  should  be  nearer  the  center  than  the  other,  so  that  the 
molder  can  put  the  pattern  together  without  hesitation. 
The  pins  must  be  put  in  and  glued  before  the  turning  of  the 
pattern  is  done. 

26.  If  brass  pins  and  plates  are  employed,  the  plates 
with  the  dowel-holes  are  inserted  into  one  half  of  the  pat- 
tern first.  The  pin  plates  are  then  put  on  top  of  the 
inserted  ones  and  the  other  half  of  the  pattern  set  on  top  of 
it.  A  tap  with  a  mallet  will  cause  the  pieces  to  make 
impressions  on  this  upper  piece  of  the  pattern,  and  will  thus 
locate  the  holes  that  must  be  bored. 

27.  The  two  pieces  of  the  pattern  must  next  be  fastened 
together  in  such  a  way  that  they  can  be  turned  as  one 
piece.  This  can  be  done  by  inserting  screws  near  the  ends, 
as  shown  in  Fig.  li,  or  by  inserting  dogs,  as  shown  in 
Fig.  38,  Pixtti-rnmaking,  Part  1. 

Another  method  that  is  commonly  employed  for  holding 
the  pieces  together  while  being  turned,  is  to  glue  a  piece  of 
paper  on  one  of  the  pieces  and  then  glue  the  other  piece  on 
to  this  paper.  Sometimes  the  entire  surface  of  the  pattern 
is  not  covered  with  the 


paper,  but   strips   are     :'^  "j     T. 

simply  glued  between       "'■        ' y 

the    ends.      If    pieces  "^ 

have    been    joined    by  ''    ^ 

gluing  paper  between     j  ,,;'^ 

them,  after  the  pattern 

is  finished,  they   may  ""  '" 

be  separated  by  inserting  a  knife   blade  or  chisel  between 

them,  leaving  one-half  of  the  paper  on  each  piece.      When 

patterns  are  secured  by  glue  and  paper,  care  must  be  taken 

in  turning  to  avoid  accidents  because  of  the  tendency  of 


the  gluetl  pieces  to  fly  apart,  owing  to  the  great  speed 
which  they  are  revulving  in  Ihi;  lathe.  After  the  pieces 
are  secured  together,  the  pattern  is  turned  to  the  form 
shown  in  Fig.  8;  it  is  then  removed  from  the  lathe  and  the 
parts  separated.  The  ends  should  never  be  turned  entirely 
off  in  the  lathe,  but  should  be  turned  to  a  thin  neck,  which 
is  subsequently  sawed  off  and  finished  with  a  knife  or  chisel. 
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28.     Bullt'Lji    Patterns. — L;ii 
of  the  class  illustrated   in    Fig.    15 
of     stave 


cylindrical  pattei 
e  generally  built 
that     are    carefully 
and  fastened   to  supports 
es.     The  general  method 
ng  staves  and  attaching 
them    lo    supports    is   shown    in 
Fig.  10,  in  which  a  and  i  are  the 
supports  and  a*,  i/  the  staves.     In 
the  illustration,  the  board  c  hafrm 
been  let  into  the  supports  a  and  Pm 
in  order  to  give  additional  stiCF-  ' 

s  to  the  pattern  while  it  is 
being  built  up.  This  is  not  al- 
ways done,  and  sometimes  when 
it  is  done,  the  board  c  is  allowed 
to  stop  at  the  end  supports  a 
and  i.  In  the  case  of  long  pat- 
terns, it  becomes  necessary  to 
use  more  than  two  supports  for 
the  staves. 

2t*.  Before  proceeding  with 
the  pattern,  a  drawing  should  be 
made  as  shown  in  Fig.  17.  This 
drawing  is  made  on  stiff  paper  or 
The  half  circle  for  the  outside  of 
on  tllia  the  slaves  are  laid  off, 


1 
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enough  stock  being  left  on  the  outside,  as  shown  at  c  dy  to 
provide  for  turning.  The  staves  are  laid  off  with  sufficient 
thickness  to  give  the  pattern  the  required  strength  and  the 
lines  of  division  between  the  staves  are  drawn  toward  the 
center^.  The  thickness  of  the  staves /"is  determined  and 
the  polygon  for  the  support  c  laid  off  as  shown. 

30.  Cutting  Stock  for  the  Pattern.  —  After  the 
drawing  is  completed,  the  polygon  c  is  cut  out  of  the  draw- 
ing and  used  as  a  templet  to  mark  the  partition  pieces  or 
supports  a  and  b.  Fig.  10.  The  staves  are  then  sawed  to 
the  proper  angles  and  width  from  a  plank  that  has  been  planed 
to  the  required  thickness,  as  shown  at  /*,  Fig.  17.  These 
staves  may  be  sawed  upon  a  circular  saw  having  a  tilting 
table  as  illustrated  in  Fig.  31,  Pattcrnmaking^  Part  1.  Two 
sets  of  supports  or  partitions  a  and  b  should  be  gotten  out 
and  doweled  together  after  the  sides  are  prepared. 

31.  BuilcUng  Up  the  Pattern. — After  the  staves 
and  partition  pieces  have  been  prepared,  each  half  of  the 
pattern  is  built  up  separately.  If  a  stiffening  piece  r, 
Fig.  If),  has  been  employed,  it  will  hold  the  supports  a  and  b 
in  place  and  it  will  simply  be  necessary  to  screw  and 
glue  the  staves  in  place.  Where  no  stiffening  piece  as  c 
has  been  employed,  it  will  be  necessary  to  mount  the 
pieces  a  and  b  in  their  proper  relation,  and  this  may  be  done 
by  surfacing  a  plank,  drawing  a  line  down  its  center,  and 
placing  the  supports  so  that  the  center  of  their  bases,  as  g^ 
Fig.  17,  comes  upon  a  line  drawn  upon  the  plank,  care  being 
taken  that  the  pieces  are  at  right  angles  to  this  line.  When 
properly  placed,  the  supports  are  toe-nailed  or  skew-nailed 
to  the  plank,  allowing  the  heads  of  the  nails  to  project  so 
that  they  may  again  be  drawn  out.  After  the  partitions 
are  set,  a  stave  is  fastened  on  each  side  by  nailing  or  screw- 
ing, as  desired;  the  joints  are  also  glued.  Other  staves  are 
added  until  the  last  stave  of  the  half  pattern  is  fitted,  but 
before  this  stave  is  fastened  in  place,  the  skew  nails  must  be 
drawn  so  as  to  remove  the  pattern  from  the  supporting 
plank. 
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When  one  half  of  the  pattern  is  built,  the  other  halves  of 
the  partitions  are  placed  with  the  dowels  on  their  mates  in 
the  built-up  half,  which  has  been  removed  from  the  plank 
and  turned  over.  The  halves  of  the  supporting  pieces  a 
and  b  may  be  held  together  by  driving  some  dogs  into  them 
on  each  side  of  the  partition.  Staves  are  now  fitted  as 
before.  In  case  the  dogs  have  been  used  on  the  inside  of 
the  partitions,  the  last  stave  must  not  be  glued  in  place, 
but  can  be  secured  by  screws  until  the  turning  is  complete, 
after  which  the  screws  can  be  removed,  the  dogs  taken  out, 
the  pattern  taken  apart,  and  the  stave  returned  to  its  place 
and  glued  and  screwed  on  permanently.  The  advantage  of 
placing  a  stiffening  piece  on  the  inside  of  a  pattern,  as  shown 
at  r.  Fig.  16,  is  that  it  supports  the  inside  of  the  partitions 
and  reduces  the  liability  of  their  being  pounded  out  of  posi- 
tion by  the  molders.  It  also  gives  the  molder  a  convenient 
means  for  handling  a  half  pattern. 

32.  Turning  th©  Pattern. — Before  turning  a  pattern 
of  this  class,  iron  plates  containing  centers  are  fastened 
to  the  partitions  a  and  d  or  the  ends  of  the  planks  c  so 
that  the  centers  are  at  the  center  of  the  pattern  and  in 
the  plane  of  the  parting  line.  One  of  these  plates  may 
be  provided  with  a  projection  on  one  end,  as  shown  in 
Fig.  29,  Patternmakingy  Part  1,  which  serves  as  a  driver  for 
revolving  the  pattern.  This  plate,  with  the  projection, 
is  called  a  tail-dog.  Both  plates  are  provided  with  cone- 
shaped  centers  to  receive  cone-shaped  lathe  centers.  As  the 
plate  at  the  tailstock  end  revolves  around  a  fixed  center,  it 
should  be  well  oiled  where  the  contact  occurs.  Sometimes, 
pieces  of  hard  wood  are  placed  upon  the  pattern  instead  of 
the  metal  center  plates,  and,  in  this  case,  a  pin  is  fastened 
upon  the  end  of  the  pattern  to  serve  as  a  dog  or  driver. 
After  all  is  ready,  the  piece  is  turned  so  as  to  form  a  plane 
cylinder  like  the  portion  between  the  lines  ab  and  c  d^ 
Fig.  15. 

33.  Preparation  of  tlie  Flanges. — The  flanges  for 
the   ends  may   be  made  as  follows:     Two  pieces  of  stock 
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B  prepared  by  planing 
and   joining   the   edges 


of  sufficient  size  to  make  the  flange  n 

one   face   and    one    edge   smooth 

together.     The  joined  edges  are 

put  together  and  the  center  of  the 

surface  so  made  is  found  as  at  a, 

Fig.  18,  dc  lieing  the  jointed  face 

I>ct«fecn  the  two  blocks  or  pieces 

of  wood.     With  the  point  d  as  a 

center,  a  circle  is  scribed  having  a 

diameter  slightly  greater  than  that     ^ 

of  the  finished    flange  and  pie 

are  cut  to  this  line  with  a  band    y^ 

saw.      The    edges    may    now   be 

glued    together   with    a    strip  of 

paper  between  them,  so  that  the  turning  operation  may  be 

more  safely  performed,  although  this  is  not  always  done. 

The  pieces  are  then  fastened  to  a  large  face  plate,  as 
shown  in  Fig.  19  (a),  the  marked  center  a.  Fig.  18,  being 
placed  carefully  in  the  center  of  the  plate.  The  flange  is 
then  turned  to  the  form  shown  in  Fig.  19  (*).  The  fillet 
joining  the  flange  to  the  body  of  the  pattern  may  be  turned 


on  the  flange  as  shown  at/.  Fig,  lit  (/>).  A  slight  taper  for 
draft  ought  to  be  given  from  this  fillet  lo  the  outside  edge 
of  the  flange;  a  taper  for  the  same  purpose  should  be  given 
to  the  other  side  of  the  flange  by  first  marking  on  the 
revolving    "li.sk  a  line  where  ihp  outside  of  the  ciire  print 
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will  come  and  tapering  the  flange  from   this  line   to   the 
outer  edge. 

34.  Core  Prints. — The  core  prints  are  turned  from 
pieces  of  stock  that  have  been  joined  together  and  are 
usually  solid.  The  ends  are  rounded  a  little  for  draft, 
as  shown  at  c,  Fig.  15.  The  prints  are  fastened  to  the 
flanges  with  screws  and  ghied  as  shown  in  Fig.  20,  c  being 
the  core  print  and  a  the  flange.  After  the  flanges  and 
core  prints  have  been  fastened  to  each  other,  the  flanges 
are  secured  to  the  body  of  the  pattern  by  means  of  screws 
and  glued,  as  shown  in  Fig.  30,  b  being  the  end  of  the  body 
of  the  pattern.  Where  a  supporting  board  c.  Fig.  Ifi,  has 
been  used  in  the  pattern,  it  is  sometimes  made  long 
enough  to  let  into  the  core  print  c.  Fig.  20,  thusstrength- 
ening  the  entire  pattern.  When  the  board  r.  Fig.  16,  is  of 
the  same  length  as  the  staves  of  the  pattern,  it  may  be 
secured  to  the  core  print  and  flanges  by  placing  suitable 
blocks  on  the  inside  end  of  the  core  print  and  flanges  and 
screwing  or  gluing  them  to  the  board. 


35.     Special   Tool  for  Turning  Larue  Patterns. — 

When  large  and  heavy  work  is  to  be  turned  in  the  lathe,  it 
is  sometimes  difficult  to  do  good  work  with  hand  tools, 
and  a  slide  rest  may  be  employed.  In  this  case,  a  tool 
of  the  form  shown  in  Fig.  21  can  be  used  for  turning  the 
pattern.  This  form  of  tool  is  not  only  suitable  for  rough- 
ing, but  will  do  very  good  work  on  a  flnishing  cut  if  the 
feed  is  not  too  coarse.  The  tool  is  usually  fed  along  the 
slide  rest  by  hand. 
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CORE  BOXI^S  FOK  CYLIIVDIIICAI.  AND 

TAPICREI)  COMES. 
36.  SniallCortt  Boxes. — Wlicn  sinal)  cylintirical  cores 
are  required,  a  core  box  of  the  form  b  and  c,  sliowii  in 
Fig.  23,  may  be  made  in  cases  when  Ihe  core  u  is  of  such 
proportions  that  it  can  stand  on  end  while  being  dried.  To 
make  such  a  core  box,  two  pieces  of  stock  are  cut  a  little 


longer  than  the  reqiiiied   length  of  the  core,  or  of  such  a 

size  as  to  leave  ample  stock  for  strength  after  a  space    for 

the  core  has  been  cut  out.     The   pieces  are  doweled  and 

■  •^ipmped  together,  after  which  the  ends  are  squared  and  the 


pieces  cut  to  the  exact  length,  Next,  a  circle  having  a 
diameter  equal  to  that  of  the  required  core  is  marked  on 
Mch  end,  care  being  taken  to  locate  the  circles  equal  dis- 
tances from  one  side  and  to  have  the  centers  on  the  line 
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of  division  between  the  two  pieces,  as  shown  in  Fig,  %di 
The  pieces  are  then  taken  apart  and  lines  drawn  i 
the  face  of  each  piece  joining  the  ends  of  the  half  circles 
The  material  between  these  lines  then  is  cut  away  to  thi^ 
shape  of  the  half  circle.  The  bulk  of  the  stock  can  be  re- 
moved by  means  of  a  circular  saw,  the  saw  being  adjusted 
to  lake  a  series  of  cuts,  as  shown  in  Fig.  24.  After  this, 
the  work  can  be  finished  with  the  aid  of  a  gouge  > 
circular  plane. 

37.     Tapered   Core   Boxes. — When  a  box  is  required^ 
for  a  tapered  core,  it  is  usually  possible  to  produce  the  cora  I 
by  making  a  half  box  only,  as  shown  in  Fig.  25.     The  con-  | 
struction  is  as  follows:  A  piece  of  wood  having  a  length 
equal  to  the  tapered  portion  «  *  is  gotten  out.     The  width 
and  thickness  of   the  block  should   be   sufficient  to  allow 
ample  stock  about  the  large  end  of  the  taper,  as  shown  at  o 
A  center  line  should  be  drawn  along  the  length  of  the  uppoBj 
face  of  this  block  and  half  circles  drawn  on  the  ends  a  and  6 


The  radii  used  in  drawing  the  circles  should  be  such  that  tha* 
ends  of  the  box  will  have  the  desired  form,  as  shown  at  ti  and  J,.  I 
and  by  the  dotted  lines  at  i"- and  /i.     The  ends  of  these  semi-./ 
circles  should  then  be  joined  by  lines  ij  and  ifr  /,  after  whicl^l 
the  stock  may  be  worked  out  to  the  desired  form  by  meann 
of  gouges.      It  is  impossible  in  this  case  to  remove  the  greatei 
part  of  the  stock  by  sawing,  as  illustrated  in  Fig.  24.     ThcB 
condition  of  the  work  may  be  judged  by  first  working  tho^ 
material  out  to  the  circles  on  the  ends  and   then  using  » 
straightedge  through  the  box.     After  the  tapered  portion  tsJ 
complete,  the  pieces  f  and  rf  for  ihe  prints  are  gotten  out.  I 
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These  fan  usually  he  lurncd  up<m  the  face  plale,  one-half  of 
the  bhirk  being  iisf<l  in  each  case.  The  ends  r  and/*should 
always  have  recesses  turned  in  them,  as  shown,  to  allow 
draft  at  the  ends  nf  the  core. 


Boxes  for  plain  round  cores 


3N.     Larftc  Core  Boxett. — 

of  large  dimensions  can  he  built 
similar  to  that  employed  in 
building  up  large  cylindrical 
patterns.  A  core  box  of  the 
form  sh<iwn  in  Fig.  W  can  be 
biiili  up  in  this  manner.  Fig. 
37  (i()  illuslrates  a  section  of 
the  core  box  showing  the  gen- 
eral construction  and  Fig.  37  (^) 
shows  the  method  of  putting 
the  frame  together.  The  sup- 
ports a  are  shaped  out  with  a  ''"'■  *"■ 
band  saw  to  the  desired  form,  a  templet  being  used  as  in  the 
case  of  large  cylindrical  built-up  patterns.  The  staves  are 
also  made  as  in  the 
case  of  large  cylin- 
drical patterns,  but 
^  in  this  case  it  is  the 
inside  face  of  the 
stave  that  is  to  be 
dressed  off  round  in- 
stead of  the  outside 
face  being  turned 
smooth,  This  dress- 
ing may  be  done  to 
the  individual  staves 
before  they  are  fast- 
ened in  place,  as 
shown  in  Fig.  28,  a 
being  an  end  view 
nf  one  of  the  staves 
cuts  may  be  used  for 


Fio.  w, 
showing  (he  manner  in  which   : 


^ 
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removing  a  part  of  the  stock.  The  templet  b  is  used  in 
finishing  the  inside  curve  of  the  stave.  This  templet  is 
provided  with  a  shoulder  c  so  that  it  can  be  used  in  drawing 

the  curved  line  shown  on  the  end  of 
the  stave  at  a^  as  well  as  for  testing 
the  curve  when  the  work  is  finished. 
After  the  staves  have  all  been 
^  formed  to  the  correct  shape,  they 
are  placed  upon  the  supports  a, 
Fig.  27,  and  screwed  or  nailed  and 
glued  in  place,  bed,  Fig.  27  {a), 
illustrating  the  staves.  The  outside  of  the  core  box  is  then 
enclosed  in  a  suitable  framework  composed  of  the  pieces  / 
and  c.  If  the  core  is  long,  it  will  be  necessary  to  use  a  num- 
ber of  supporting  boards  a.  The  inside  of  the  ends  of  the 
box  e.  Fig.  26,  should  be  provided  with  sufficient  draft  so 
that  the  core  can  easily  be  removed  from  the  box.  These 
ends  are  usually  made  from  thick  plank,  and  the  draft  is 
turned  upon  them  while  they  are  attached  to  the  face  plate 
of  a  lathe. 


PATTERNS    AND    CORE    BOXES    FOR 

BENT    PIPES. 

39.  Half-Circle  Pipe  Bend.— This  style  of  pattern 
may  be  taken  as  typical  of  that  class  which  is  circular  in  both 
cross-section  and  outline.  In  the  construction  of  this  class 
of  patterns,  nearly  all  the  work  may  be  per- 
formed on  the  lathe.  The  pipe  bend  shown  in 
Fig.  20  is  a  good  illustration  of  this  style  of 
casting. 


40.  Preparation  of  Stocl^  and  Face 
Plate  for  Turning. — To  make  a  pattern  for 
the  pipe  bend  shown  in  Fig.  29,  a  circular  disk 
of  wood,  slightly  greater  in  diameter  than  the 
outside  of  the  pattern,  is  first  sawed  out.  This  ^'°-  ^• 
is  to  be  used  as  a  chuck  in  the  lathe  and  must  be  fastened 
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to  the  face  plate  so  that  its  face  can  be  turned  smooth  and 
flat.  After  the  chuck  is  prepared  and  turned  flat,  a  piece  of 
thick  paper  is  glued  over  the  face.  When  the  glue  has  dried, 
the  center  is  marked  while  the  chuck  is  revolving. 

The  material  for  the  body  of  the  pattern  is  prepared  by 
getting  out  two  pieces  of  stock  slightly  thicker  than  half  the 
thickness  of  the  flnished  pattern  and  large  enough  so  that 
the  outline  of  the  pattern  will  go  inside  of  the  outer  edge, 
as  shown  by  the  lines  in  Pig.  30  (a).  The  two  pieces  are 
planed  smooth  on  one  face  and  jointed  on  one  edge  of  each, 
as  shown.  The  jointed  edges  are  placed  together  and  a 
circle  slightly  greater  in  diameter  than  the  finished  pattern 


is  marked  on  the  faces,  as  shown  at  a.  The  corners  of  the 
pieces  are  sawed  off  to  this  mark.  It  is  alw)  g<iod  practice 
to  draw  the  circle  d  with  a  radius  slightly  less  than  that  ot 
the  inside  of  the  bend  and  then  remove  the  stuck  from  the 
inside  of  this  circle  with  a  saw.  After  tlie  pieces  are  thus 
prepared,  they  are  glued  to  the  paper  on  the  face  plate,  the 
jointed  edges  being  set  at  the  center  of  the  chuck,  this  ad- 
justment being  made  possible  by  means  of  the  center  mark 
that  was  made  while  the  chuck  was  revolving. 

41.     Turnloe  the  Body  of  the  Pattern After  the 

glue  has  dried,  the  chuck  is  placed  on  the  lathe  and  pencil 
marks  are  made  on  the  face  of  the  wood  for  finding  the 
inside  and  outside  diameters  of  the  pattern,  after  whi<'li  the 
faces  determined  by  the  lines  a  and  i  already  referred  to  are 
cut  straight  in  to  meet  the  chuck.     The  work  will  now  be  of 
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the  form  shown  in  Fig.  30  (/;).     The  rectangular  stjction  is  | 
then  turned  to  a  semicircular  form  as  shown  in  Fig.  'i 
templet  being  used  to  determine  the  exact  form  desired. 


The  pattern  is  then  varnished  and  removed  from  the  chuck,.  I 
when  each  piece  will  be  of  the  form  shown  in  Fig.  32. 

42.  Flanges  and  Core  Prints. — The  fianges  and  corsV 
prints  can  be  made  together.  To  accomplish  this,  twol 
pieces  of  stock  having  a  width  slightly  greater  than  ihftT 
diameter  of  the  flange  and  a  thickness  slightly  greater  thaiv 
half  the  diameter  of   the  flange  are  flnished  and  jointed^ 


^^ 


^^*^l 


together.      They  are  then  turned  to  the  form  shown  at  ^, 
Fig.  33  (a).    There  are  two  pairs  of  these  flanges  and  prints  J 
required  fur  the  pattern,  and  it  is  well  to  put  one  pattern! 
pin  in  each  pair  before  turning.     The  fillet  it  is  turned  with  " 
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the  flange  b.  Inside  of  the  face  f,  a  projecting  piece  c  is 
turned,  as  shown.  This  projecting  piece  is  employed  for 
joining  the  print  to  the  balance  of  the  pattern.  The  print 
and  flange  are  smoothed  and  varnished  before  they  are 
taken  from  the  lathe,  care  being  taken  to  color  the  print  a 
different  color  from  that  employed  on  the  flange  and  the 
balance  of  the  pattern.  The  projecting  piece  r,  by  which 
the  flange  is  to  be  attached  to  the  body  of  the  pattern,  is 
made  rectangular  after  the  work  is  taken  from  the  lathe,  as 
shown  in  Fig.  33  {b). 

To  attach  these  parts  to  the  pattern,  the  projection  is 
laid  in  place  on  the  body  of  the  pattern  and  the  outline 
carefully  marked  on  the  pattern  with  the  pencil.  With  this 
outline  as  a  guide,  a  recess  is  cut  to  receive  the  projection, 
as  shown  at^.  Fig.  33  {c).  The  pieces  are  attached  to  the 
body  of  the  pattern  by  means  of  screws  and  glue,  as  shown 
in  Fig.  33  {c).  Care  must  be  taken  so  that  the  halves  of  the 
flanges  and  prints  come  exactly  opposite  each  other.  Usu- 
ally, three  dowel-pins  are  used,  two  as  already  stated,  one 
in  each  print,  and  the  third  is  placed  in  the  body  of  the  pat- 
tern, as  shown  at  //,  Fig.  33  {c).  In  the  case  of  small-sized 
bends  of  this  character,  the  prints  are  made  long,  as  shown, 
in  order  that  the  portion  of  the  core  in  the  print  may  bal- 
ance and  hold  firmly  the  overhanging  portion  in  the  mold. 

43.  Core  Box. — The  core  box  for  a  small  pipe  bend 
may  be  made  as  a  half  box  of  the  form  shown  in  Fig.  3'i, 
the  operation  being  as  follows :  The  stock  for  the  curved 
portion  of  the  box  must  be  thick  enough  to  leave  the  box 
amply  strong  after  the  recess  for  the  core  has  been  cut,  and 
long  enough  to  allow  the  curved  outlines  of  the  core  to  come 
well  inside  the  edges  of  the  box,  as  shown  at  /*,  Fig.  34. 
Sometimes  the  end  of  the  box  is  cut  off  to  a  curved  outline, 
as  shown  by  the  dotted  line,  but  ordinarily  the  corners  are 
left  square,  as  shown  in  Fig.  34.  Fig.  35  illustrates  the 
manner  of  laying  out  the  piece.  The  piece  is  attached  to  a 
wooden  chuck  on  the  face  plate  of  the  lathe,  as  was  done  in 
turning  the  pattern,  or  in  some  cases  it  is  screwed  directly 
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lu  iht  face  jikite,  care  being  taken  thai  iIil-  si  rews  will  i 
tiUui'ftre  with  the  turning. 

The  face  of  the  block  is  first  turned  smooih  and  true,  af 
which  two  circles  are  marked  on  it  as  it  revolves  lo  Intrat 
the  inner  and  outer  edges  of  the  core.     These  cii 


shown  by  Ihe  dotted  lints  in  Fij^.  35.      The  line  ab  shoul 
also  he  drawn  through  the  center  of  the  block  and  I 
later   when   sawhig   the    block    apart.      The    semicircu 
groove  For  the  core  is  turned  out  to  the  desired  form. 
form  may  he  determined  by  means  of  a  templet  of  the  fi 
shown  in  Fig.  30.     Before  taking  the  piece  from  the  fao! 
i:x:a^B  plate,  it  should  be  smoothed  and  varnished. 

j(Or\  After  the  piece  is  completed,  it  is  taken  fron] 

ggj  ^  the  face  plate  and  sawed  in  two  on  the  line  a  6 
Km  ■■■•'  which  was  drawn  through  the  center.  Caffl 
should  be  taken  that  ihe  line  comes  jusl  on  one  edge  of  tlu 
saw  cut,  so  that  this  piece  will  contain  a  portion  of  I 
groove  forming  a  full  half  circle.  The  piece  will  now  be  o 
the  form  shown  by  the  block  adcir.  Fig.  34. 


44.     In  order  to  form  the  straight  portion  of  the  cort 
box,  a  piece  of  stock  of  the  same  thickness  and  width  i 
that   which  has  been  used  for  turning  the  curved  portioi 
and  having  a  length  sufficient  to  form  the  straight  portio 
of  the  core,  is  next  cut  and  shaped  lo  the  form  shown  i 
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Fig.  37  {").  The  posilion  and  depth  of  the  grooves  a  and  d 
may  lie  marked  on  the  ends  by  setting  this  piece  against  the 
piece  that  has  just  been  turned,  as  shown  in  Pig.  34,  and 
marking  from  the  groove  in  that  position. 

The  depth  and  shape  of  the  groove  may  be  regulated  by 
a  templet  similar  to  the  one  used  in  turning,  and  shown  in 
Fig.  36.  The  turned  piece  and  the  straight  piece  are  next 
fasii-ned  together 
with  glue  along  the  I 
line  dc.  Fig.  34.  To 
close  the  other  end  i 
of  tlie  straight  piecf, 
a  third  block  of  the 
form  shown  in  Fig.  I 
87  (*)  must  be  gotten  . 
out.  This  ijloek  is  ■ 
placed  against  the 
straight    portion,    as  '"■ 

sbitwn  in  Fig.  34,  and  curves  marked  so  that  the  clearance 
spaces  (I  and  i.  Fig,  37  {/>),  can  be  worked  out.  This  piece 
is  sometimes  made  in  two  portions,  the  pieces  being  joined 
together,  attached  to  the  face  plate  of  a  lathe,  and  the  clear- 
ance turned  into  them,  this  usually  being  easier  than  form- 
ing it  with  hand  tools.  When  the  end  shown  in  Pig.  37  {6) 
is  completed,  it  is  glued  on  to  the  bos  as  shown  in  Fig.  34. 

45.  If  it  is  desired  to  further  strengthen  such  a  box, 
this  may  be  done  by  fastening  a  piece  of  board  upon  the 
back,  as  shown  at  i/.  Fig,  .34,  or  strips  may  be  fastened  along 
the  sides  acrosB  the  three  pieces.  Such  strips  are  usually 
attached  with  screws.  If  a  box  of  this  class  is  to  be  used 
much,  it  is  well  to  have  the  grain  of  the  wood  in  the  differ- 
ent pieces  run  in  the  same  direction  when  practicable. 


PATTKRX8    ASD    COHE    IIOXKS    FOH     KI.BOWS. 

4H.     Small    Rlliow    i>oiicrn.  —  The    paltern   for   an 

v11h>w  u(  the  slyie  shown   in  Fig,  HS  (a)  can  be  produced 

by  slightly   modifying   the    methods   used  in    making  the 
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half-turned   pipe'  already  described.     Thi;   elbow  shown  is 
[Frr-vidcil    with    uiii:    socket    ami  uiie   spig-it   end.      Whei 


1^ 


Tiparatively  large  nmnher  of  such  castings  arc  required, 
is  foniinon  practice  lo  mold  and  cast  two  of  them  a 
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time,  the  pattern  being  made  double,  as  this  makes  very 
little  more  work  for  the  molder  than  would  be  required  for 
the  production  of  a  single  elbow  and  thus  economizes  both 
time  and  space  in  the  foundry. 

The  different  illustrations  in  Fig.  38  show  the  manner  in 
which  the  pattern  and  core  box  are  produced,  and  the  fol- 
lowing description  will  show  that  it  requires  very  little  more 
work  to  produce  this  double  pattern  than  it  would  to  pro- 
duce a  single  elbow  pattern.  Another  advantage  is  that 
the  core  balances  better  in  the  mold  when  a  double  pattern 
and  core  are  used  than  it  would  if  only  one  elbow  were 
cast  at  a  time. 

47.  The  pattern  is  made  as  follows :  A  ring  is  made  as 
shown  at  Fig.  38  (i),  the  cross-section  being  shown  at^. 
This  is  made  either  by  securing  a  solid  piece  to  a  chuck  or 
face  plate  and  turning  to  the  cross-section  shown  at  ^,  or 
by  securing  four  pieces  to  the  face  plate,  each  piece  being 
so  secured  that  the  grain  runs  in  the  direction  of  its  length, 
as  shown  in  the  illustration.  When  this  latter  method  is 
employed,  the  joints  between  the  four  pieces  are  carefully 
made  so  that  when  the  .work  is  turned  and  taken  from 
the  chuck,  it  will  be  complete  and  the  ring  will  not  have  to 
be  sawed  into  four  pieces.  The  cross-section  of  the  ring 
may  be  brought  to  the  proper  form  by  the  use  of  a  templet 
made  of  wood  or  metal.  If  the  ring  has  been  turned  from 
a  solid  piece,  it  is  then  cut  in  quarters  and  the  quarters  are 
used  for  the  part  of  the  pattern  marked  a  and  d,  Fig.  38  (r). 
It  is  always  best  to  have  the  grain  of  the  pattern  running 
in  the  direction  shown  at  a  and  ^,  and  for  this  reason  it  is 
best  to  turn  the  ring  from  four  pieces,  the  grain  of  which 
runs  in  the  direction  shown  at  Fig.  38  (d). 

After  the  curved  portions  for  the  elbows  are  finished,  the 
portion  of  the  pattern  to  produce  the  socket  s  and  the 
spigot/.  Fig.  38  (a),  may  be  made  as  follows:  These  por- 
tions and  the  core  print  can  easily  be  made  at  one  time,  pro- 
viding the  pattern  is  not  of  excessive  size.  Two  pieces  of 
stock,  having  a  width  slightly  greater  than  the  diameter  of 
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the  socket  s  and  a  thickness  slightly  greater  than  one- 
half  its  width,  are  surfaced  and  jointed  together.  One  dowel 
should  be  placed  in  the  center,  as  at  f,  Fig.  38  (e/),  and  one 
dowel  near  each  end,  as  at  //  and  j.  These  last  dowels 
should  come  in  the  core  prints  at  the  socket  ends  of  the 
elbows.  After  the  pieces  are  glued  up  with  paper  between 
them,  they  are  turned  to  the  form  shown  in  Fig.  38  (d),  the 
fillets  for  the  socket  s  and  the  spigot/  being  turned  right  on 
the  stock.  The  projections  c  and  d  are  intended  for  joining 
the  parts  to  the  curved  portions  of  the  pattern.  After  the 
pattern  is  completed,  the  pieces  are  sawed  apart  between 
c  and  ^,  the  ends  c  and  d  dressed  to  a  square  cross-section 
and  let  into  the  curved  portions  as  shown  at  c  and  d, 
Fig.  38  {c).  This  work  must  be  done  accurately  so  that  the 
dowels  and  portions  of  the  pattern  will  all  come  opposite 
each  other  as  they  should. 

48.  Core  Box  for  Elbow  Pattern. — After  the  pat- 
tern is  built,  the  core  box  is  made  as  shown  in  Fig.  38  {e) 
and  (/).  The  box  can  be  put  together  in  sections,  as 
shown,  and,  as  the  core  is  symmetrical,  it  will  only  be 
necessary  to  make  one-half  of  the  core  box.  The  blocks  for 
forming  the  portions  k  and  /  are  turned  to  form  in  a 
manner  similar  to  that  employed  in  producing  the  curved 
portion  of  the  core  box  shown  in  Fig.  34,  only  two  quarters 
of  the  block  being  used.  The  straight  portion  y  is  produced 
in  a  manner  similar  to  that  employed  in  producing  the 
straight  portion  of  the  core  box  shown  in  Figs.  34  and 
37  (a).  The  straight  portion/  furnishes  both  the  core  for 
the  straight  portion  of  the  spigot  and  for  the  print  between 
the  two  spigot  ends  of  the  pattern.  The  portions  of  the 
box  to  form  the  core  for  the  socket  ends  s^  Fig.  38  (a), 
must  be  turned  in  the  lathe.  Two  blocks  are  joined  by 
means  of  dogs,  as  shown  in  Fig.  38  (^),  or  by  means  of 
screws.  They  are  then  fastened  to  a  face  plate  or  chuck 
and  turned  out  to  the  required  shape.  A  templet  can 
be  used  to  give  the  proper  form  and  to  locate  the  ring 
inside  of  the  end  of   the  socket.     When  these  pieces  are 
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liirnetl,  they  are  glued  to  Ihc  curved  blocks,  as  shown  at 
'/and  I',  Fig.  38(f).  The  ends  of  the  prints  may  now  be 
closed  by  the  boards  o.  These  must  either  be  provided  with 
draft  or  made  removable  so  that  the  core  can  easily  be 
removed  from  the  bos.  In  order  to  strengthen  the  box,  the 
board  x  may  be  gliied  and  screwed  on  the  back,  and,  in  addi- 
tion, corner  blocks  /«.  h  may  be  glued  into  the  corners,  as 
shown  at  Fig.  38  (c). 

■4t9-  Large  Etbo^  Patt«rnH  nn<l  Cure  ItoxuH.^ 
When  large  elbows  are  required,  the  patterns  may  be  built 
Up  from  curved  staves, 
as  shown  in  Fig.  39, 
the  staves  being  cut 
from  the  lumber  as 
shown  in  Fig.  -in,  as  , 
this  will  bring  the  ' 
grain  in  the  proper 
direction    and   at   the  ^'°-  ^ 

Mitae  time  save  material.  The  finished  pattern  is  worked 
down  to  the  proper  cross-section  by  hand  tools,  the  shape 


being  determined  by  templets.  The  cores  for  these  large 
cUtows  arc  usually  swept  up.  A  description  of  the  various 
clisses  of  sweeps  will  be  taken  np  later. 


PATTERNS  ANn  CORE  llOXi':S  FOR  BENT  PIPES. 

50.  Pattern  for  Itcnt  Pipes. — When  a  pattern  for  a 
pipe  having  a  slight  tn-n-l.  as  shown  at  Pig.  41  (it),  is 
required,  ihe  work  may  In-  done  in  a  manner  similar  ti>  that 
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eniployeil  in  the  making  of  elbows  for  similar  pipe,  with  tti 
ext-eplion  that  the  purtion  of  the  pnlteni  from  a  io  6  i 
usually  of  too  great  a  radius  to  be  turned  in  the  lathe,  ana 
hence,  must  be  worked  out  by  hand.  It  Is  not  necess. 
show  the  parts  of  the  pattern  on  account  of  the  fact  that  tn 
socket  and  spigot  and  the  core  prints  wil!  be  exactly  lira 
those  illustrated  in  Fig^  38,  but  some  description  of  ttf 
method  of  making  the  portion  of  the  pattern  from  a  toi 
may  be  of  interest.  Such  patterns  as  this  are  usually  am 
made  in  pairs,  but  singly. 


In  order  to  make  the  required  portion  of  the  pattern,  t\ 
blocks  are  fitted  as  shown  at  Fig.  41  (d),  the  blocks  beinj 
secured  together  with  dowel-pins.  The  stock  is  sawed  to 
the  correct  curve,  when  it  will  have  a  rectangular  cross- 
section  as  shown  at  defg.  After  the  pieces  are  fastened 
together,  a  circle  is  laid  off  on  each  end,  as  shown  by 
tht  dotted  lines,  and,  with  the  bevel  set  at  45°.  the  full  lines 
on  the  end  of  Fig.  41  {b)  are  marked  tangent  to  the  circle, 
as  shown.      Lines  /;  /  and   _;'/'   are    then    drawn  upon 
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side  of  the  pattern,  from  the  points  at  which  these  45°  lines 
intersect  the  horizontal  and  vertical  lines,  as  shown  in  the 
upper  portion  of  Fig.  41  {d).  Similar  lines  are  drawn  on  all 
four  faces  of  the  rectangle  and  the  stock  is  cut  away  to  these 
lines  so  as  to  give  it  the  form  shown.  After  this,  other 
lines  may  be  drawn  tangent  to  the  circle  so  as  to  remove 
another  portion  of  each  one  of  the  eight'  corners.  These 
points  can  be  continued  along  the  faces  as  lines  and  the 
material  between  them  removed,  thus  giving  a  sixteen-sided 
figure,  and  this  process  may  be  continued  until  the  outline 
is  approximately  circular,  the  last  dressing  being  done  by 
the  eye  and  the  piece  being  finished  to  a  templet.  When 
this  curved  portion  of  the  pattern  is  completed,  the  ends, 
with  their  core  prints,  are  turned  up  and  attached  as  in  the 
pattern  illustrated  in  Fig.  38. 

51.  Core  Box  for  Bent-Pipe  Pattern. — A  partially 
completed  core  box  for  a  bent-pipe  pattern  is  shown  in 
Fig.  41  (r),  the  portion  for  the  socket  end  having  been  omit- 
ted. The  portion  of  the  box  shown  is  worked  out  to  the 
proper  form  by  hand.  The  curved  portion  corresponding 
to  the  part  of  the  pipe  a  b^  Fig.  41  (^y),  is  laid  out  upon  the 
surface  of  the  block,  which  has  been  prepared  for  the  core 
box  by  means  of  suitable  curves,  and  the  lines  representing 
the  straight  part  are  drawn  tangent  to  these  curves.  After 
this  portion  of  the  laying  out  has  been  done,  a  half  circle 
is  scribed  on  each  end  of  the  block  corresponding  to  the 
diameter  of  the  required  core.  The  stock  between  these 
two  curved  lines  c  d  and  e  f^  Fig.  41  (r),  is  then  worked  out 
to  the  required  circular  cross-section.  This  may  be  done 
by  the  aid  of  a  templet,  as  shown  at  a^  or  by  the  use  of  a 
square,  as  shown  at  ^,  Fig.  41  (c). 

There  is  also  a  special  plane,  which  is  made  to  operate 
on  the  principle  of  the  square  ilhistrated  at  b,  which  may 
be  used  for  this  purpose,  the  cutting  bciiv^  done  by  a  nar- 
row bit  at  the  angle  of  the  square.  Such  a  plane  as  this  is 
not  suitable  for  working  out  the  curved  i)()rtions  of  the  pat- 
tern, but   for  the  .straight  portion    it    is   very  convenient. 


Frequently,  such  a  tore  Imx  as  this  is  made  in  three  parts, 
each  one  nf  the  straight  parts  being  made  separate  so  that 
most  of  the  stock  can  be  removed  on  a  circular  saw,  the  por- 
tion for  the  curved  part  being  made  separate.  After  the  core 
box  is  finished  as  shown  in  Fig.  41  [c),  the  piece  for  the  end 
is  turned  up  and  put  in  position,  this  piece  being  similar  to 
that  shown  at  -r  or  d.  Fig.  38  (c).  Owing  to  the  fact  that 
this  core  is  not  symmetrical,  it  will  be  necessary  to  make 
both  halves  of  the  core  box. 


»  to      1 


the   Hody.— The 


PATTERNS    AND    CORK     BOXES    FOR 
BRANCH    PIPES. 
52.     Pipes  Having   Branchett  at  Rlstit  Anaiea  to 

Ltlerns  for  branch  pipes  have  many 
vith  the  bent  pipes  that  have  already 
been  described.  The  only  difference  presenting  difficulty 
in  making  this  class  of  patterns  lies  in  the  forming  uf  the 
joint  between    the  main  body  and  the  branch  piece. 

When  the  body  and  the  branch  have  the  same  diameter, 
and  stand  at  right  angles   to  each  other,  as  illustrated   in 


Fig.  42,  the  foUowuig  (.onstruclion  tor  the  pattern  may  be 
used  for  medium  sized  and  small  patterns  The  stock  for 
the  branch  and  the  body  is  gotten  out  and  doweled  together 
as  in  the  case  already  described,  after  which  the  two  pieces 
may  be  turned  to  the  form  shown  in  Fig.  43  {a).  The  piece  a 
for  the  body  has  a  core  print  turned  at  each  end,  while 
the  piece  i  for  the  branch  has  only  one  core  print  and-.t 
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1  the 


opposite  enJ  is  left  square.  The  distance  cii  on  the 
palleni  should  be  equal  to  just  half  the  length  f /vi'. 
branches  are  all  lo  he  of  the  same  length.  The  distance  e/ 
is  not  made  equal  to  the  entire  length  of  the  mnin  body 
i>f  the  pattern,  but  is  shorter  by  an  amount  equal  to  twire 
Ihe  width  of  the  flanges  and  the  part  necessary  to  make  the 
fillet  back  of  the  flange. 


After  the  pieces  are  turned,  the  line  ^A  is  drawn  across 
the  end  of  the  branch  pattern  at  right  angles  to  the  joint 
between  the  Iwo  pieces.  The  corners  of  the  pattern  are  next 
cut  off  lo  this  line,  a!i shown  in  Fig.  43  (A),  the  angle  /  being 
made  HO",  Swme  patternmakers  cut  llie  correspondinj;  iiO" 
from  the  center  of  each  piece  of  the  body  and  ilieji  join  the 
part*  li'geLher,  but,  in  the  pattern  shown,  the  juint  is  made 


by  rutting  out  llie  piece  abc.  Fig.  4.'t  (/').  and  then  jfiining 
the  branch  against  the  body  nf  the  main  pattern.  The 
part  abc  may  be  removed  by  clamping  half  of  the  branch 
pattern  to  a  block,  as-shown  in 
Fig.  44,  after  which  the  piece  «^f 
can  be  removed  by  means  of  the 
band  saw. 

53.     The  branch  and  body  are 

fastened   together  by   means  of 

glue  and  screws.     The  operation 

is  made  easier  by  applying  the  glue  first  and  then  clamping 

them  to  a  board  while   the  glue  is   setting,  as  shown   in 

Fig.  45  {a).    A  piece  of  heavy  paper  should  be  placed  between 


the  board  and  the  pattern  to  prevent  the  latter  from  adher- 

^_  ing  to  the  former.     To  further  strengthen  the  joint,  a  dove- 

^h  tailed  piece  may  be  set  in  flush  with  the  face  of  the  pattern 

^H  between  the  branch  and  the  body,  as  shown  at  a,  Fig.  45  {b). 
^^fe  54.     The  flanges  may  be  turned  to  the  form  shown  in 

^^1  Fig.  40,  the  opening  through  the  center  being  made  of  such 

^^M  diameter  that   it  will  just   fit  the 

^F  core  prints.     The  fillet  between  the 

^1  body  of  the  pattern  and  the  flange 

^B  is   turned   upon   the   flange.     The 

^B  method  of  joining  these  flanges  to 

^H  the  pattern  by  means  of  screws  is 

^H  shown  in  Fig.  45  {b).     In  this  pal- 

^H  tern,  the  dowels  are  usually  put  in 
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.hree  core  prints,   as  shown.      Tlic  fillet  at  a.  Fi|v.  H, 
I  may  be  made  of  leather  or  wax. 

55.     Core  Box  for  Pipe  Havlnic  BrancheH  at  Rlfcht 

J  AnElei*  to  the  Body. — ^Thc  core  box  used  for  this  style 
of  pattern  does  not  differ  materially  from  those  already 
I  described  and  is  of  sucli  form  that  it  can  be  very  easily  con- 
I  sinicted-  Fig.  -^7  illustrates  the  core  box  for  the  casting 
I  showti  in  Pig,  42.  It  will  be  noticed  that  it  consists  almost 
I  entirely  of  straight  work.  The  portion  between  the  lines  a  b 
\  and  cd  oi  the  main  body  and  between  ur  and  c/ of  the 
I  branch  can  be  worked  out  by  removing  the  major  part  of 


t  the  stock  with  a  circular  saw  and  finishing  with  gouges.  A 
\  small  portion  of  the  branch  at^  can  be  formed  by  placing 
)  the  finished  branch  box  against  the  outside  of  the  portion 
1  for  the  body,  and  marking  the  curve  upon  the  latter,  after 
I  uhich  lines  may  be  squared  across  the  surface  of  the  body 
I  Aiid  the  portion  removed  by  means  of  gouges  or  chisels. 
I  The  ends  (or  the  core  boxes  are  provided  with  draft  as  usual, 
I  and  the  entire  structure  may  be  strengthened  by  screwing 
nr  gluing  n  bnard  on  the  back. 

56.  l*all«rnH  for  I'lpes  llavlni;  Branches  Not  at 
I  Hlahc  AnElei*  to  the  Body. — When  branch  pipes  of  the 
I  form  shown  in  Fig.  48  arc  rei|uired.  the  method  of  procedure 
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is  somewhat  (lirft-Ti'iit  frnm  ihal  already  described,  the  prin- 
cipal difficulty  lieing  to  determine  the  form  of  the  joint  be- 
tween the  branch  and  the  main  pipe.  The  parts  for  the 
pattern  may  he  tnrned  out  in  a  manner  similar  to  that  illus- 
trated in  Fig.  43,  although  in  this  case  it  is  probable  that 
the  sockets  and  core  prints  would  both  be  turned  on  the 
parts  of  the  patterns. 

In  order  to  determine  the  form  of  the  joint  between  any 
two  cylindrical  sections  intersecting  at  an  angle,  the  follow- 
ing method  of  laying  out  may  be  employed:  On  a  piece  of 
heavy  drawing  paper,  lay  off  the  outlines  of  the  stem  and 
branch  in  their  proper  relative  positions,  full  size,  as  shown 
in  Fig.  49,  i  being  the  main  pipe  and  j 
the  branch.  All  the  drawing  must  be 
done  carefully  with  fine  pencil  lines. 
Above  the  plan,  a  line  i'  c  should  be 
■awn  perpendicular  to  a  center  line  of 
le  body  of  the  pattern,  as  shown 
/  m.  Upon  this  line  describe  the 
semicircle  k  mil  equal  in  diameter  to  the 
main  bwly  of  the  pattern,  and  at  one 
side  erect  a  perpendicular  1  b  and  upon 
it  describe  the  semicircle  abc,  equal  in 
diameter  to  the  branch  pipe.  Taking 
Fig,  «.  ^^y  point  on  the  branch  section,  as,  for 

instance,  the  highest  point  directly  over  i,  draw  the  line  b  b' 
parallel  torjt  until  it  intersects  the  circle -!■/«  h  at  *'.  This 
determines  a  line  on  the  surface  of  the  body  of  the  pattern 
at  the  top  of  the  intersection  with  the  branch.  Draw  the 
line  b'  b"  and  somewhere  in  this  line,  on  the  body  of  the  pat- 
tern I,  can  be  found  the  highest  point  of  the  intersection 
between  the  main  body  and  the  branch.  On  the  end  of  the 
branch  lay  off  the  point  1'  in  the  center  of  the  line  a' c'  and 
draw  the  line  1'  b"  along  the  center  of  the  branch  j  to 
where  it  intersects  the  line  i'  b",  which  will  give  the  desired 
point  b". 

Proceed  in  like  manner  for  any  other  point,  but,  in  all  other 
points  will  be  obtained  at  each  lime,  owini 
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the  fact  that  any  other  plane  nearer  the  line  kc  will  inter- 
sect the  branch  in  two  points,  as,  for  instance,  if  the  point  2 
is  selected  and  the  distance  from  i  to  ^  is  made  equal  in  both 
drawings,  and  a  perpendicular  2e  drawn  until  it  intersects 
the  curve  representing  the  cross-section  of  the  branch.  By 
drawing  the  line  ee^  parallel  to  kc^  an  intersection  of  the 
circle  kmn  at  e'  is  obtained,  and  then  the  line  //""  is  drawn 
parallel  to  the  center  line  /;;/.     Now,  lay  off  on  the  line  a'c' 


Fig.  49. 


the  distances  V-2'  each  side  of  the  center,  and  through  these 
points  draw  lines  parallel  to  i'  b" .  These  will  intersect  the 
line  e'  f"  at  f"  and  e'\  giving  two  more  points  in  the  inter- 
section. In  like  manner,  by  taking  points  3  and  Jf.  and 
carrying  the  lines  around  as  shown,  the  \io\nts  g'\  h'\o'\ 
and  /"  may  be  obtained.  A  curve  o"  b" p"  is  then  drawn 
through  these  points. 
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When  the  curve  marking  the  intersection  of  the  two  parts 
has  been  drawn,  the  paper  must  be  carefully  cut  to  this  line, 
thus  forming  templets  for  marking  both  the  body  and  the 
branch.  These  templets  are  laid  on  the  face  of  the  branch 
and  body  and  the  proper  curve  drawn  on  each.  The  por- 
tions on  the  branch  and  body  of  the  pattern  defined  by  these 
curves  may  be  cut  out  on  the  band  saw 
if  the  parts  are  so  held  that  the  flat  face 
is  parallel  with  the  top  of  the  saw  table. 
To  accomplish  this,  a  form  like  the  one 
shown  in  Fig.  50  may  be  made  and  the 
pattern  clamped  into  it  so  that  the  face  a 
of  the  pattern  is  parallel  with  the  saw  table.  After  the 
pieces  have  been  cut  to  the  curves,  the  branch  and  body 
are  fitted  together  closely  and  glued  in  place.  Frequently, 
dovetailed  pieces  similar  to  that  shown  at  a.  Fig,  45  {b),  are 
employed  for  securing  the  pieces  together,  and  a  leather  or 
wax  fillet  is  placed  on  the  outside  at  the  junction  between 
the  branch  and  the  body  of  the  pattern. 

57.     Core  Box  for  Pipes  Havlntc  Branches  Not  at 
Right  AntElea  to  the  Body. — Owing  to  the  fact  that  the 


casting  illustrated  in  Fig.  48  is  not  symmetrical,  it  will  be 

impossible  to  use  a  half-core  box  unless  some  special  provision 
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is  made  for  obtaining  both  halves  of  the  core.  Fig.  51 
illustrates  a  special  style  of  core  box  that  may  be  used  in 
such  cases  as  this.  The  core  box  is  constructed  with  two 
branches  a  and  b  and  both  branches  are  provided  with  stop- 
off  pieces  c  and  e/,  which  can  be  put  in  place  and  secured  by 
pins  in  the  holes  e  and/*.  For  making  one  half  of  the  core, 
one  of  the  stop  pieces  is  employed,  and  for  making  the 
other  half,  the  other  stop  piece  is  employed.  The  other 
features  of  the  box  are  so  similar  to  those  already  described 
that  it  will  not  be  necessary  to  consider  them  in  detail. 


BUILT-UP    ANNULAR    PATTERNS. 

58.  Advantages. — When  large  patterns  having  the 
general  form  of  flat  rings,  similar  to  the  one  shown  at 
Fig.  52  {a),  are  required,  they  are  commonjy  built  up  of 
segments.  Such  patterns  are  used  for  making  pulley  rims, 
ring  forms,  and  for  similar  purposes.  If  the  pattern  is 
comparatively  small  and  for  temporary  use,  it  is  occasion- 
ally turned  from  one  piece,  as  shown  in  Fig.  52  {b),  but  in 
this  case  the  grain  will  run  across  the  pattern  along  the 
line  aa^  and,  if  the  ring  is  thin,  there  is  great  danger  of  it 
breaking  at  this  point,  unless  considerable  care  is  exercised 
in  its  use.  The  shrinkage  of  the  wood  is  always  across  the 
grain,  and,  hence,  such  a  pattern  as  this  would  soon  become 
smaller  across  the  diameter  bb  rather  than  across  the  diam- 
eter ^r^,  and  the  form  would  become  elliptical.  For  these 
reasons,  ring  patterns  are  rarely  turned  from  solid  stock. 
Ring  patterns  must  be  turned  on  some  form  of  large  face 
plate.     These  face  plates  are  generally  made  of  wood. 

59.  Preparation  of  Wooden  Face  Platen. — Before 
turning  an  annular  pattern,  it  is  necessary  to  prepare  a 
wooden  face  plate  upon  which  to  build  it  up,  and  also  to  use 
as  a  support  during  the  turning.  The  manner  of  making 
this  face  plate  depends  on  the  diameter  of  the  pattern  to 
be  turned.      In  the  case  of  patterns  not   over  20  inches  in 
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diameter,  the  face  plate  may  be  built  of  strips  supported  by 
cleats  on  the  back,  as  shown  at  Fig.  52  (c).  Heavy  screws 
must  be  used  for  securing  the  cleats  and  for  fastening  the 
iron  face  plate  to  the  wood.  For  ordinary  work.  No.  18 
screws  of  such  a  length  that  they  will  permit  the  surface  to 
be  faced  off  several  times  before  the  chisel  comes  in  contact 
with  them,  are  suitable. 

60.  Wooden  face  plates  of  large  diameter  may  be  con- 
structed as  shown  in  Fig.  52  {d).  Two  or  more  cross- 
pieces  are  placed  across  the  face  plate,  and,  in  case  two  are 
used,  they  are  halved  together  as  shown  in  Fig.  52  (i^). 
The  iron  face  plate  is  secured  to  these  cross-pieces  by  means 
of  screws  and  bolts.  The  ends  of  the  cross-pieces  can  then 
be  faced  off  so  that  they  will  run  true  when  revolving  in  the 
lathe.  The  cross-pieces  should  be  so  balanced  that  they  will 
not  shake  the  lathe  badly  when  the  work  is  running.  Care 
must  be  taken  not  to  catch  the  turning  tool  in  the  cross- 
pieces  while  facing  them. 

After  the  cross-arms  have  been  faced,  the  four  seg- 
ments t\j\  k^  and  /  can  be  fitted  to  them.  The  segments 
should  be  carefully  fitted  at  a^  b,  c,  and  i/,  and  firmly 
screwed  and  glued  to  the  cross-arms.  The  segments 
should  be  made  in  such  a  manner  that,  when  they  are  put 
together,  the  circle  formed  by  them  will  be  at  least  1  inch 
larger  in  diameter  than  the  length  of  the  cross-arms.  In 
order  to  strengthen  the  entire  structure,  four  corner 
pieces  e,  /,  g^  and  h  may  be  fitted  on  the  arms  between 
the  segments.  After  the  glue  is  dry,  the  face  plate  may 
be  turned  off  and  faced  true,  when  it  is  ready  to  have  the 
pattern  built  up  upon  it. 

61.  Building  Up  of  Ring  Patterns. —  It  will  he 
noticed  that  the  plain  ring  pattern  shown  in  Fig.  52  {a)  is 
built  up  of  a  series  of  segments  placed  one  upon  the  other, 
and  that  the  joints  in  any  given  course  do  not  come  directly 
over  those  in  the  adjoining  course.  This  makes  a  strong 
pattern,  as  each  course  is  made  to  bind  the  adjoining  one. 

S.  Vol  IV.— 7. 
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The  grain  of  the  wood  is  made  to  follow  the  circle  as  nearly 
as  possible,  which  makes  the  shrinkage  of  the  pattern  uni- 
form, thus  maintaining  a  true  circle.  Before  fitting  the 
first  course  on  the  face  plate,  pieces  of  paper  at  least  2  or 
3  inches  wide  should  be  glued  to  the  face  plate  where  the 
end  joints  will  come.  Some  patternmakers  prefer  to  cover 
the  entire  face  plate  with  paper. 

When  the  segments  for  the  first  course  have  been  made 
ready,  the  under  sides  of  the  segments  are  glued  to  the 
pieces  of  paper  on  the  face  plate,  care  being  taken  not  to 
allow  any  glue  to  run  off  the  paper  on  to  the  face  plate  so 
as  to  glue  the  pieces  directly  to  the  face  plate.  Th«  ends 
of  the  segments  must  be  fitted  carefully,  on  account  of  the 
fact  that  if  they  are  badly  jointed,  as  shown  at  Fig.  52  (/"), 
the  corners  will  break  out  when  the  patterns  are  being 
turned  on  the  inside.  It  is  better  that  the  joints  should  be 
open  on  the  outside  rather  than  on  the  inside,  if  they  are 
open  at  all,  on  account  of  the  fact  that  there  would  be  less 
tendency  for  the  corners  to  break  off  on  the  outside  than 
on  the  inside,  owing  to  the  direction  of  the  grain  on  the 
inside,  as  shown  at  Fig.  62  (/), 

62.  In  order  to  true  the  ends  of  segments,  a  trimming 
machine  may  be  used  and  this  will  usually  give  the  desired 
finish,  but  when  very  fine  joints  are  required,  they  are  fre- 
quently fitted  by  planing  on  what  is  known  as  a  **  shoot 
board."  Fig.  52  {^)  illustrates  this  method  of  doing  the 
work,  the  segment  a  being  laid  upon  the  board  b  against  the 
stop  c  ;  the  plane  e  is  placed  on  the  side  so  that  the  weight 
of  the  plane  does  not  come  upon  the  segment,  the  plane 
being  guided  by  the  shoulder/*. 

When  the  first  course  of  segments  has  been  fitted  upon 
the  face  plate,  it  must  be  allowed  to  dry  sufficiently  to 
stand  the  strain  of  facing.  When  the  glue  is  dry,  the  face 
plate  is  placed  on  the  lathe,  and  a  light  cut  taken  off  the 
surface  of  the  segments,  after  which  the  face  plate  is 
removed  from  the  lathe  and  the  next  course  built  on. 
When  the  second  course  is  in  place,  and  before  facing  it  off, 
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the  ring  should  be  screwed  to  the  face  plate  from  the  back, 
as  it  is  dangerous  to  trust  to  the  paper  alone  for  holding 
the  pattern  during  turning. 

The  pattern  shown  at  Fig.  52  {a)  has  six  segments  in 
each  course.  This  number  is  often  increased  to  eight,  ten, 
twelve,  or  more,  depending  on  the  diameter.  When  the 
pattern  has  been  built  up  and  the  glue  well  dried,  it  is 
turned  to  shape  in  the  usual  manner. 


PATTERNMAKING. 

(PART  3.) 


EXAMPLES   ILLUSTRATING    PATTERN- 
MAKING. 

1  •     Selectinsr  Stock  for  Patterns. — It  may  seem  un- 
necessary,   after   what   has   been   said   in    Patternmaking^ 
Parts  1  and  2,  to  lay   emphasis  on  the  necessity  of  using 
p^reat  care  in  selecting  stock  for  patterns.     In  the  case  of  a 
skeleton  or  makeshift  pattern,  second-grade  lumber  is  good 
enough,  but  in  the  case  of  a  pattern  for  machine  parts,  es- 
pecially when  a  large  number  of  castings  are  required,  and 
when  the  pattern  may  have  to  be  stored  for  quite  long  in- 
tervals, the  selection  of  the  stock  becomes  a  very  important 
item.      In   such  cases,  only  well-seasoned  and  well-selected 
lumber  should  be  used.     It  is  probable  that  more  money  is 
wasted  by  the  use  of  poorly  seasoned  or  unsuitable  lumber 
in  patternmaking  than  by  any  other  one  cause  affecting  this 
part  of  the  machinery  business.     The  evil  consequences  of 
the  use  of  bad  lumber  not  only  increase  the  pattern  account 
of  a  firm,  but  add  considerably  to  the  cost  of  molding  and, 
also,  to  that  of  finishing  the  castings  in  the  machine  shop, 
since  a  pattern  that  is  warped  out  of  its  original  shape  be- 
cause   it  was   made  of   wet   lumber   will    give    the    molder 
trouble  in  molding;  and  the  casting,  being  like  the  pattern, 
will  cause  the  machinist  trouble,  thereby  increasing  the  cost 
of  production  in  all   the  departments  because  the  pattern- 
maker was  not  careful  enough  in  selecting  his  material. 
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2,  General  Consideration. — When  only  one  casting 
rir  a  very  few  castings  are  required  from  a  large  pattern, 
means  are  sometimes  taken  in  both  the  pattern  shop  and 
the  foundry  to  make  the  required  pattern  as  inexpensive  as 
possible.  At  times,  the  pattern  is  swept  up  from  sand  and 
baked,  and.  again,  it  is  often  made  of  cheap  second-grade 
lumber  in  the  least  expensive  manner.  In  either  of  these 
cases,  the  pattern  is  practically  of  one  material,  that  is,  it 
is  made  either  of  sand  or  wood.  In  the  class  of  patterns 
commonly  known  as  nkcletoii  patterns,  the  pattern  is 
made  partially  of  wood  atid  partially  of  sand. 

3.  Pattern  for  Pipe  Bend. — Two  views  representing 

half  of  a  skeleton  pattern  for  a  large  pipe  elbow  are  shown 
in  Fig.  1.  To  produce  a  whole  pattern,  two  boards  a  are 
sawed  out  to  the  shape  of  the  pip-;,  including  the  core  prints. 


The  thickness  of  these  boards  depends  on  the  size  of  tlta  I 
pattern  and  varies  from  1  to  2  inches.  The  boards  are 
doweled  together  and  circular  pieces  6,  b,  having  the  form 
of  the  cross-section  of  the  pipe  and  core  prints  at  the  places 
where  they  are  introduced,  are  sawed  out  and  fastened 
u|ion  the  boards,  as  shown.  The  flanges  c,  c  are  alat»  | 
prepared  and  cut  out  to  fit  over  the  boards  rt. 
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A  strike,  or  strickle,  for  each  diameter  of  i!ie  pat  tern,  i.  e., 
one  h'V  the  portion  between  the  flanges  and  one  for  the 
core  prints,  are  also  provided  for  the  molder.  One  of  these 
strickles  is  shown  at  if,  Fig.  1.  Tlic  mnlder  completes  the 
pattern  by  hiying  down  one  of  the  hoards,  as  shown  in 
the  l"wer  part  of  Fig.  1,  and  filhng  the  spaces  between  the 
circidar  pieces  />,  d  with  sand,  the  sand  being  swept  off  by 
means  of  tlie  strickle,  which  is  gnided  by  the  bnard  a. 
When  the  pattern  is  complete,  the  moider  sprinkles  parting 
saml  over  the  outside  so  that  it  may  leave  the  mold  nicely. 
The  flask  for  this  first  half  of  the  mold  is  then  placed  in 
position,  rammed  up,  and  turned  over,  after  which  the  other 
board  a  is  placed  on  the  one  shown  in  the  illustration,  its 
half  pattern  being  finished  up  in  sand,  sprinkled  with  part- 
ing sand,  and  the  second  half  of  the  mold  rammed  up. 
When  the  flask  is  taken  apart,  the  cope  usually  draws  ofE 
from  the  upper  half  of  the  pattern,  after  which  the  pattern 
is  withdrawn  from  the  mold  and  any  loose  sand  that  may 
have  fallen  from  the  pattern  is  removed. 

4.     Preparation  of  Core. — The  core  for  the  skeleton 

pattern  h  simply  swept  up  by  means  of  a  guide  board  and 
siricklc.      Thesi;  are   shown    in    Fig,   2,   rt    being  the   guide 


board  and  .r  the  strickle.  The  guide  board  is  clamped  or 
weighted  down  upon  an  iron  plate  and  the  half  core  swept  up 
3i  iihnwu  in  the  illustration,  i/  being  the  core.  The  points  c,  c 
«llould  be  protected  from  excessive  wear  upon  the  iron  plate 
by  driving  one  or  more  nails  into  thum.     After  one  half  the 
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core  has  been  swept  up,  the  guide  board  is  turned  over  and 
the  other  half  swept  up,  to  match  the  portion  already  made. 
During  the  work,  one  edge  of  the  strickle  is  kept  in  contact 
with  the  guide  board,  care  being  taken  to  see  that  the 
strickle  is  always  perpendicular  to  the  guide  board  when 
following  its  straight  portions,  and  perpendicular  to  a  tan- 
gent, i.  e.,  forming  a  radial  line,  when  following  the  curved 
portions.  In  the  case  of  large  pipes,  the  skeleton  patterns 
are  frequently,  made  so  as  to  leave  a  core.  The  pattern  is 
a  frame  having  the  same  thickness  as  the  metal  and  is  so 
arranged  that  strikes  can  be  used  on  the  inside  or  outside. 


PATTERNS  INVOLVING  AUXILIARY  PATTERNS. 


TOOL.  FOR  LAYING  OUT  HEXAGONAL  PARTS. 

5.     In  a  number  of  the  following  examples,  it  becomes 
necessary  to  lay  out  a  hexagonal  part  of  the  pattern,  and  a 

g  very  convenient  tool  for  this 
^  purpose,  and  one  that  can 
easily  be  made  by  any  pat- 
ternmaker, is  illustrated  in 
Fig.  3.  This  tool  is  made 
by  fastening  a  metal  plate, 
or  plates,  upon  a  wooden 
frame,  as  shown,  b  being  a 
cross-section  at  that  point. 
In  the  metal  plate,  an  ^ngle 
fagoi  00°  must  be  cut.  The 
wood  mounting  for  the  metal 
plate  must  be  cut  to  another 
angle  hai.  In  order  to  find  this  second  angle,  draw  the 
line  ae  bisecting  the  angle /^^,  and  at  any  point,  as  o,  draw 
the  line  dc  perpendicular  to  ^r  at  ^  and  intersecting  the 
lines  af  and  ag  at  d  and  c.  With  a  radius  o d,  or  oc, 
draw  the  circle  dec.  Then  draw  the  lines  a  i  and  ah  tan- 
gent to  the  circle  dec.     By  cutting  the  wood  to  this  angle. 


Fir..  3. 
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the  lool  is  so  constructed  that  when  placed  upon  any  circle, 
OS  shown,  it  will  determine  two  siiles  of  a  hexagon,  tlie 
(lisULnces  dj,  j k,  and  kc  all  being  equal.  The  slock  has 
then  simply  to  be  turned  to  the  diameter  over  the  corners  of 
the  hexagon,  commonly  called  the  long  diameter  of  the  hex- 
agon, after  which  the  hexagon  can  be  laid  out  by  using  the 
tool,  as  shown  in  the  illustration. 


GLnttB-VALVC  RA.TTBRMS. 

6.  (ieneral  ConHldcratlon. — Small  e'o^e  valvex  are 

generally  cast  of  brass,  while  the  larger  sizes  are  made  of  cast 
iron.  The  latter  are  also  known  as  stop  valves,  and  some- 
times as  throttle  valves.  The  method  of  making  the  smaller 
sizes  differs  from  that  of  making  the  larger,  the  former  being 
muhlcd  by  machine  from  several  patterns  attached  to  the 
plate  with  a  gate  connecting  all  the  patterns.  As  many 
as  eighteen  patterns  of  very  small-sized  globe  valves  arc 
often  attached  to  one  gate  on  the  plate  and  molded  together. 
When  lhisiBdi>ne,  the  portion  of  the  pattern  on  one  side  of 
the  parting  line  is  mounted  on  one  side  of  the  board,  and  the 
portion  on  the  other  side  of  the  parting  line  on  the  other 
side  of  ihc  board,  great  care  being  required  to  place  the  por- 
tions exactly  opposite  each  other.  The  methods  of  molding 
with  this  style  of  patterns  will  be  treated  in  Foundry  Work. 

7.  Pattern  for  Small  Valve  Uodj. — The  method  of 

making  the  pattern  and  core  lioxes  for  a  l^inch  globe  valve 
will  rttxt  be  considered,  only  one  pattern  being  treated, 
although  two  or  more  may  be  molded  in  one  flask.  The 
manner  of  making  the  pattern  and  core  boxes  is  the  same 
whether  one  or  more  patterns  are  required,  and  whether  they 
are  required  for  matched-board  work  or  not.  Fig,  4  {a) 
and  (#)  represents  two  views  uf  a  globe  valve,  {d)  being  a 
Section. 

8.  The  making  of  the  pattern  for  the  body  will  be  con- 
sidered first.      This  pattern  is  comparatively  simple,  it  bring 
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possible  to  turn  most  uf  it  on  a  lathe.  Fig.  4  (c)  and  {//) 
illustrates  the  pattern,  together  with  several  of  the  points  in 
its  construction.  Two  pieces  of  stock  about  8  inches  long, 
<!  inches  wide,  and  IJ  inches  thick  are  cut  out  and  jointed 
and  doweled  together  carefully.  The  stock  is  made  of  this 
length  in  order  to  enable  the  patternmaker  to  glue  the  ends 
together  so  as  to  hold  the  pieces  in  place  during  turning. 
When  this  method  is  followed,  care  should  be  taken  that  no 
glue  gets  between  the  parts  of  the  pieces  that  are  to  form 
the  pattern.  Sometimes  a  nail  or  screw  is  also  placed  in  the 
end  to  aid  the  glue  In  holding  the  pieces  together.  If,  how- 
ever, good  glue  is  employed,  and  it  is  allowed  to  dry  before 
turning,  these  metal  fasteners  are  not  required  in  the  case 
of  small  patterns. 

A  templet  should  be  made  as  shown  at  c,  Fig.  4  (r).  This 
templet  may  be  made  from  a  board  ^  inch  thick,  or  from  a 
piece  of  sheet  metal,  and  is  used  as  a  guide  in  turning  the 
pattern  to  the  right  shape,  the  proper  allowance  being  made 
for  finish  and  shrinkage.  The  endson  which  the  hexagons 
arc  made  are  usually  turned  a  little  larger  in  diameter  than 
the  long  diameter  of  the  hexagon,  as,  otherwise,  in  forming 
the  hexagon  there  is  some  danger  of  making  it  too  small. 

After  this  first  portion  of  the  pattern  has  been  turned,  thi; 
globe  body  must  be  planed  off  to  the  line  dt,  as  shown,  and  a 
piece  turned  and  glued  on  to  form  that  part  of  the  valve  into 
which  the  bonnet  6,  Fig.  4  («),  is  screwed.  The  two  core 
prints  a  and  6,  Fig.  4  (c),  are  turned  on  the  body  of  the  pat- 
tern, and  the  core  print  for  the  bonnet,  /,  Fig,  4  (c),  is  turned 
'fin  a.  piece  that  is  glued  upon  the  side  as  shown.  This  piece 
should  be  turned  from  two  pieces  that  have  been  jointed  and 
fastened  together  on  a  chuck.  Care  should  also  be  taken  lo 
sec  that  the  grain  runs  in  the  same  direction  both  in  the 
body  of  the  pattern  and  in  the  piece  that  is  glued  to  it. 

9.  Vamlnhlne  lb«  Patterns.  —  After  turning  any 
pattern  with  core  prints,  and  before  taking  it  out  of  ihr 
lathe,  it  is  well  lo  varnish  the  core  prints  with  yellow  shel- 
lac rarnish.     If  this  is  not  done,  the  unclean  appearance  that 


8 


PATTERNMAKING. 


§33 


they  usually  have  as  the  result  of  handling  before  the  var- 
nish is  applied  is  avoided.  This  precaution  applies  only  in 
cases  where  the  core  prints  are  simply  painted  with  yellow 
varnish  and  not  with  a  color. 

After  the  turning  is  completed,  the  hexagonal  ends  of  the 
pattern  are  formed,  as  shown  in  Fig.  4  (d). 

lO.     Core  Boxes  for  the  Body  of  Globe   Valves. — 

The  core  boxes  and  the  core  that  form  the  inside  of  the 
valve  are  not  as  easily  made  as  the  pattern.  The  exact 
shape  of  the  core  should  be  studied  carefully  before  at- 
tempting to  make  the  core  boxes.     In  Fig.  4  (r)  is  shown 


Fig.  5. 

a  section  through  the  core;  Fig.  4  (/*)  shows  the  com- 
pleted core  together;  and  Fig.  4  (,^)  shows  the  two  parts 
a  and  d  separated.  It  is  practically  impossible  to  make 
such  complicated  cores  as  these  in  ordinary  wooden  boxes, 
and  hence  it  is  necessary  to  make  iron  core  boxes,  and 
patterns  for  these  must  also  be  made.  These  patterns  are 
called  auxiliary  patterns.  The  finished  core  box  for 
making   the   core   shown   at   a^    Fig.    4    (^),  is   shown   in 
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Fig.  5  (rt)  and  (A),  while  in  Fig.  5  (c)  and  (,/)  is  shown  tin; 
core  box  for  making;  the  core  shown  at  b.  Fig.  4  { _i; ).  These 
core  boxes  are  usually  made  of  cast  iron  or  brass,  nicely 
fitted  and  doweled  together. 

Four  patterns  for  the  boxes  are  made  first,  one  fur  each 
half,  and.  as  will  be  seen  by  referring  to  the  inside  views  of 
both  bfjxcs,  much  cutting  and  fitting  is  necessary  for  their 
completion.  Both  boxes  are  parted  along  the  lines  a  l>  c, 
and  the  joint  between  the  two  parts  of  the  boxes  must  be 
made  with  great  care,  as  the  accuracy  of  the  core  depends 
very  largely  on  it.  The  patterns  for  the  core  boxes  should 
br  made  of  well-Heasoned  blocks  of  pine  or  hard  wood.  No 
attempt  should  be  made  to  carve  the  inside  of  the  boxes 
to  shajie  until  the  joint  has  been  accurately  formed,  only 
enough  work  being  done  on  the  inside  to  enable  the  stocic 
to  be  brought  into  place  along  the  joint. 

II.  In  making  core  boxes  for  the  body  of  globe  valves, 
it  is  sometimes  best  to  make  models  of  the  required  cores 
out  of  plaster  of  Paris  or  wood  and  then  cut  these  models  on 
different  lines  so  as  to  obtain  sections,  or  to  make  templets 
by  simply  projecting  sections  of  the  boxes  upon  a  drawing. 
After  the  insides  of  the  boxes  have  been  carefully  worked 
out  to  templets  made  from  drawings,  or  to  a  model  that  has 
been  prepared,  castings  are  made  from  the  patterns  and 
fitted  together  with  dowel-pins. 

A  projection  of  the  upper  part  ti.  Fig.  5  {a),  at  the  box  for 
the  core  shown  at  a.  Fig.  4  (g),  is  shown  in  Fig.  5  {b).  It 
will  be  noticed  that  in  Fig.  5  the  halves  of  the  patterns  arc 
joined  together  by  dowel-pins//.  After  the  castings  for  the 
core  box  have  been  made  and  fitted  together,  test  cores  are 
made  from  plaster  of  Paris  or  lead,  put  together,  and 
liKatcd  in  the  mold  to  see  that  the  core  gives  ihti  required 
lhtrkne.is  of  metal.  If  it  does  not,  the  box  is  changed  until 
h  is  right,  or  the  pattern  is  changed  and  a  new  box  cast. 
Frequently,  cores  are  made  in  a  new  core  box,  placed  in  a 
mold  and  a  casting  made,  from  which  sections  are  cut  to  see 
that  the  metal  is  of  the  desired  thickness. 
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I2<  Manufacturers  of  valves  spare  no  expense  in  ma- 
king these  metal  core  boxes  and  are  very  careful  to  get  them 
correct,  because  of  the  large  number  of  valves  made.  The 
core  box  for  the  core  b,  Fig.  4  (^).  is  shown  at  Fig.  5  (rf), 
Fig.  S  {c)  being  a  projection  of  the  lower  portion.  It  will  be 
noticed  that  the  core  box  shown  in  the  two  views  {a)  and 
(<*).  Pig-  5.  has  only  one  opening  through  which  the  core 
material  can  be  introduced,  this  opening  being  at  the  end  n, 
while  the  core  box  shown  in  Fig.  5  (c)  and  (  d)  has  three 
openings,  one  at  the  end  c,  one  at  J,  and  another  at  e. 

13.  Pattern  for  the  Valve  Bonnet. — The  pattern 
for  the  valve  btmnet  b.  Fig.  4  {a),  may  be  made  as  shown  in 
Fig.  6  («),  which  illustrates  one-half  of  the  pattern.  In 
order  to  make  the  pattern,  two  pieces  of  pine  should  be 
jtiinted  and  doweled  together  in  the  ordinary  way  and  the 
pattern  turned  to  the  form  shown,  necessary  allowance 
being  made  for  6nish.  After  the  pattern  is  turned,  the 
Cure  print  should  be  varnished  and  the  hexagonal  portion  ab 
given  the  required  form,  using  the  tool  described  in  Art.  5. 
The  large  core  print  c  is  turned  a  little  larger  on  the  end 
than  where  it  joins  the  pattern,  for  reasons  that  will  be 
described  later.     The  small  core  print  </ is  turned  parallel. 

14.  Core  Boxes  for  Valve  Bonnet.— By  referring 
to  Fig.  i  {a),  it  will  be  noticed  that  the  bonnet  b  has  a 
rather  complicated  core,  the  portion  c  being  cored  out  for 
clearance,  white  finish  will  be  required  at  d  to  form  the  bear- 
mg  for  the  valve  stem  a,  and  at  f  for  the  thread,  the  lower 
portion  _/"  being  cored  out  both  for  clearance  and  lightness. 
In  order  to  produce  this  complicated  series  of  openings, 
two  cores  are  necessary.  These  are  illustrated  in  Fig.  U  (b), 
the  larger  core  a  being  represented  in  section,  and  the 
Jmaller  core  A,  solid.  When  similar  cores  are  made  larger, 
,(he  smaller  one  should  be  arranged  to  go  through  the 
larger  one.  so  as  to  give  it  belter  support,  but  for  small 
wurk,  &uch  as  is  here  illustrated,  the  method  shown  will 
{ivc  sufficient  strength. 
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15.  The  core  box  for  the  larger  core  is  shuwn  in 
Fiy.  G  {c).  This  may  be  turned  up  on  a  screw  chuck 
from  a  single  piece  of  wood,  the  grain  running  in  the 
direction  shown  in  the  illustration.  The  reason  for  making 
the  large  print  c.  Fig.  G  {a),  on  the  pattern  tapered  is  that 
this  box  must  be  given  draft  on  the  inside,  to  allow  the 
removal  of  the  core.  The  small  print  a.  Pig.  G  (c),  is  to 
receive  the  end  of  the  small  core,  as  shown  in  Fig.  G  {/>). 
When  making  a  core  from  these  hoses,  a  nail  or  wire  should 
be  inserted  into  the  hole  in  the  end  of  the  print  a.  When 
the  core  is  rammed  up,  this  nail  is  withdrawn,  leaving  a 
hole  through  the  core,  as  shown  in  Fig.  C  {it). 

Owing  to  the  small  size  of  the  core  d,  Fig.  G  (i),  it  is  well 
to  make  both  halves  of  the  box,  for,  if  such  small  half  cores 
were  pasted  together,  they  would  not  be  as  strong  as  the 
solid  core.  Fig.  6  (</)  illustrates  one-half  of  the  necessary 
core  box.  The  chamber  a  may  be  cut  out  with  a  carving 
gouge,  or  a  box  may  be  made  in  several  pieces  and  each 
worked  or  turned  out  by  itself.  It  is  customary  to  make 
the  box  of  at  least  two  pieces,  dividing  it  on  the  line  d  c  so 
that  the  straight  portions// and  c  can  be  worked  out  parallel 
and  the  tapered  portion /turned  out  by  itself. 

16.  Patternti  for  Hmall  Details  »f  the  Valves. — 

The  pattern  for  the  packing  nut  can  be  made  as  shown  in 
Fig.  6  {c),  which  gives  both  a  plan  and  an  elevation  of  the 
nut.  This  pattern  can  be  made  to  leave  its  own  core  by 
turning  it  out  on  the  inside,  as  indicated  by  the  straight 
dotted  lines  b  in  the  upper  view,  the  recess  a  a  being  omitted. 
In  such  a  pattern  as  this,  the  grain  is  usually  allowed  to  run 
lengthwise  of  the  nut,  ihe  end  grain  being  shown  in  the 
lower  view.  To  make  this  pattern,  a  piece  of  wood  is  placed 
on  a  screw  chuckand  the  outside  turned  to  a  diameter  suffi- 
cient to  allow  the  hexagon  to  be  formed.  Sometimes,  a  more 
elaborate  solid  pattern  is  made  for  the  nut  and  a  separate 
core  box  used.  This  is  always  done  when  it  is  desired  to 
core  out  a  clearance  at  the  upper  end  of  the  nut,  as  shown 
by  the  dotted  lines  at  a.  Fig.  0  ((■). 


§33 


PATTERN  MA  KING. 


13 


17.  The  patterns  for  the  valve  and  valve  nut  may  be 
turned  from  one  piece  of  wood,  the  wood  being  screwed  on  to 
a  small  face  plate  or  screw  chuck,  and  the  valve  pattern. 
Pig,  fi  {/),  is  turned  as  shown  in  the  illustration,  with  the 
exception  of  the  portion  marked  <r.  In  turning,  the  face  b 
should  be  toward  the  chuck,  so  as  to  enable  the  pattern- 
maker to  turn  out  the  recess  c.  After  the  pattern  is  turned 
nearly  off,  it  should  be  smoothed  and  varnished  and  then 
cut  oflf.  The  rectangular  projection  a  is  fastened  on  after- 
wards, it  being  intended  for  the  use  of  the  machinist  while 
grinding  ill  the  valve.  After  the  valve  has  been  cut  off,  the 
nut.  Fig.  (5  {g),  can  be  turned,  the  (ace  a  being  nearest  the 
chuck  during  the  turning.  After  the  piece  has  been  turned, 
smoothed,  varnished,  and  cut  off,  the  flats  b  for  the  wrench 
may  be  formed  with  a  plane  or  chisel.  The  valve  spindle, 
Fig.  6  (//),  can  be  turned  from  one  piece  as  shown.  Patterns 
of  small  diameter  like  the  valve  spindle  are  not  usually  made 
ill  halves,  because  they  would  be  too  weak,  and  liable  to 
break. 

1 8.  Where  a  large  number  of  castings  are  to  be  made, 
it  is  very  common  practice  to  make  such  pieces  as  the  valve 
nut  and  valve  spindle  in  halves  and  to  place  them  upon  a 
card  or  a  match  board.  At  other  times,  the  patterns  are  all 
made  solid  and  a  match,  or  odd  side,  is  made  from  plaster 
or  oiled  sand,  separate  places  being  made  to  receive  each 
pattern. 


PATTERNS    AND  COME  BOXKS  FOH  TIlltKK- 

WAV  COCK. 
It).     Ccnwral  Contilderutlua  of  the  Valve. — Before 

attempting  to  make  tlie  patti;rns  for  this  valve,  it  is  well  to 
look  somewhat  into  its  characteristics.  In  Fig.  7  (a)  is 
shown  a  plan  of  the  top  of  the  valve,  and  in  Fig.  7  (c)  is 
shown  a  front  view,  while  Fig.  7  (i)  shows  a  section  of  the 
valve  on  the  line  .)  />.  It  will  be  noticed  that  there  are  stops 
s,  s'  on  the  casting,  against  which  the  pin  a  on  the  plug  or 
S.  I'll-  /K-J 
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valve  comes  to  rest.  These  stops  are  so  placed  that  the 
plug  cannot  make  more  than  a  quarter  of  a  revolution.  The 
construction  and  operation  of  the  valve  can  be  best  under- 
stood by  referring  to  the  sectional  view  shown  in  Fig.  7  (^). 
As  shown  in  this  illustration,  the  plug  is  in  such  a  position 
that  the  openings  x  and  z  are  in  line  with  the  straight  por- 
tion of  the  body,  so  that  water  or  steam  entering  at  a  passes 
straight  through  the  cock.  By  turning  the  plug  one-fourth 
of  a  revolution,  as  indicated  by  the  arrow  ^,  the  opening  x 
will  come  to  the  position  y^  the  opening  y  will  come  to  the 
position  ^,  and  the  opening  z  to  the  position  w^  thus  turning 
the  flow  at  right  angles  and  out  through  the  side  of  the 
cock  at  w. 

20«  In  making  patterns  and  core  boxes  for  this  cock, 
the  necessary  allowance  for  shake,  shrinkage,  and  finish 
must  be  made  in  each  case.  The  outside  of  the  main  body 
of  the  pattern  and  much  of  the  inside  will  require  no  finish, 
and,  also,  in  many  cases,  the  hexagonal  parts  are  cast  to 
their  finished  size;  but  the  portions  that  have  to  be  threaded 
and  the  portion  of  the  body  that  is  to  receive  the  plug  must 
be  provided  with  sufficient  stock  for  finishing. 

21  •  Pattern  for  Valve. — The  pattern  for  the  valve 
is  made  in  two  parts,  with  a  third  part  fitted  to  one  side, 
as  shown  in  Fig.  7  (/").  One  half  of  the  pattern  is  shown 
in  Fig.  7  (<).  The  pattern  is  parted  on  the  line  c  d^  and 
the  hexagonal  side  piece  t\  with  its  fillet,  is  made  separate 
from  the  body  of  the  pattern,  the  division  being  made 
along  the  line  a  a.  This  piece  e  has  a  hole  turned  through 
it  that  fits  over  the  core  print/. 

To  make  this  valve  pattern,  two  pieces  of  stock  of  suffi- 
cient size  to  make  the  piece  shown  in  Fig.  T  (i)  must  be  got- 
ten out.  These  pieces  are  jointed  and  doweled  together,  the 
dowels  being  located  at  /;  and  b,  as  shown  in  Fig.  7  (r).  The: 
pieces  of  stock  may  be  gotten  out  somewhat  longer  in  each 
direction  than  the  pattern,  and  secured  together  by  glue  at 
the  ends,  or  they  may  be  glued  together  with  paper  between 
them. 
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If  it  is  intended  to  make  the  body  of  the  pattern  without 
fastening  on  separate  pieces,  all  the  work  cannot  be  done  by 
turning,  but  a  portion  of  it  will  have  to  be  done  with  gouges 
and  chisels  after  the  turning  is  completed.  Before  turning, 
two  lines  should  be  laid  off  on  the  block  at  right  angles  to 
each  other.  These  will  correspond  to  the  center  lines  A  B 
and  C  D,  Fig.  7  {c).  A  portion  of  the  pattern  along  the 
line  A  B  may  be  turned  first.  While  in  this  position,  only 
the  core  prints  and  the  pieces  from  which  the  hexagonal 
ends  are  formed,  together  with  their  fillets,  can  be  turned. 
When  this  operation  is  completed,  the  pattern  is  placed 
in  the  lathe  at  right  angles  to  its  former  position  and  the 
other  two  core  prints,  and  the  part  of  the  pattern  outside  of 
the  dotted  lines  x  x  smdyj^  is  turned.  It  should  be  noticed 
that  the  core  prints  £"  and  /i  are  turned  tapered  and  that 
the  taper  of  the  two  prints  is  in  line ;  that  is,  their  outside 
surfaces  will  form  a  portion  of  the  surface  of  a  cone. 
The  reasons  for  this  will  be  explained  later. 

22.  After  the  pattern  is  turned,  the  portion  of  the  body 
that  could  not  be  finished  in  the  lathe  is  formed  by  means 
of  chisels  and  gouges,  but,  before  proceeding  with  this 
work,  it  is  best  to  true  up  the  surface  aa^  planing  it  ofl?  par- 
allel to  the  joint  of  the  pattern  along  the  line  cd  and  allow- 
ing the  proper  distance  between  these  two  faces.  After  the 
surface  a  a  has  been  planed,  a  circle  is  struck  on  it  with  a 
diameter  equal  to  the  distance  a  a.  The  body  of  the  valve 
is  then  carved  to  the  desired  shape.  The  print  /  is  shown 
by  the  dotted  lines  as  extending  to  the  surface  a  a.  This 
print  is  turned  with  the  small  pin  d  on  the  end,  which  is 
glued  into  a  hole  drilled  in  the  surface  a  a.  The  loose  piece 
to  form  the  hexagonal  flange  e  can  be  turned  up  with  a  hole 
in   it  that   will  just  fit  over  the  core  print.     This  piece  is 

ij  kept  in  its  proper  relation  to  the  body  of  the  pattern  by 

. ;;.  means  of  the  small  dowel-pin/*. 

fjjj  It  will  be  noticed  in  Fig.  7  (a)  and  (c)  that  the  stops  5  and  / 

are  slightly  removed  from  the  center  lines.  If  it  is  attempted 
to  mold  the  stop  s'  in  its  proper  position,  the  molder  will 
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meet  with  considerable  difficulty,  Init  as  the  distance  of  the 
-Stop  from  the  center  tine  CD  is  only  equal  to  half  the  diam- 
eter of  the  pin  a.  Pig.  7  (f),  it  is  possible  to  place  the  stop  on 
the  pattern  flush  with  the  joint,  as  shown  at  b.  Fig.  7  (y"), 
stop  being  filed  back  the  desired  distance  after  the 
rasting  is  completed. 

23.  Method  of  MoldlnR.  —  Before  proceeding  with 
the  discussion  of  the  core  box,  it  may  be  well  to  notice  the 
method  of  molding  this  pattern,  as  this  has  considerable 
beariag  both  on  the  construction  ot  the  pattern  and  on  the 
core  box.  The  portion  of  the  pattern  marked  ^v,  Fig.  7  (f), 
ii  supposed  to  go  in  the  cope,  or  top  part,  of  the  mold  and 
is  shown  there  in  Fig.  8  (a).  In  this  illustration,  the  bot- 
tom part  of  the  mold,  or  draE,  has  been  omitted.  The 
slab  core  c  is  shown  as  fitting  over  the  core  print  p' .  In  the 
process  of  molding,  before  the  slab  core  is  placed  in  posi- 
tion, the  pattern  with  the  loose  piece  about  the  core  print  is 
placed  in  position  and  sand  rammed  up  in  the  cope  as  far  as 
the  surface //,  "flush  with  the  top  of  the  loose  piece  of  the 
pattern.  This  sand  is  then  struck  off  and  the  loose  piece 
withdrawn,  after  which  the  slab  core  is  placed  over  the  core 
print,  the  surface  resting  on  the  surface  of  the  sand  //. 
The  ramming  of  the  cope  is  then  continued,  care  being 
taken  not  to  strike  the  slab  core  while  this  is  being  done. 
This  method  may  be  pursued  where  only  a  comparatively 
small  number  of  castings  are  to  be  made.  When  a  large 
Dumber  »f  castings  are  being  made,  it  is  usual  to  provide 
die  mold  with  an  extra  parting  line;  in  other  words,  to 
mold  the  casting  in  a  three-part  flask.  The  slab  core  is 
made  in  a  simple  rectangular  core  box  with  one  print  in  the 
bottom. 

24.  Core  Box  for  Tbree-Way  Cock. — One  of  the 

core  boxes  for  the  body  of  the  three-way  cock  is  shown  in 
Pig-  8  (^).  It  will  ijc  noticed  that  the  main  portion  of  the 
Cure  is  tapered,  and  from  this  it  will  readily  be  seen  why 
Ihccorc  prints^ and  h  in  Fig.  7  (c)  were  tapered.  By  ma- 
king these  core  prints  tapered,  and  having  this  portion  of 
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the  core  box  formed  as  shown,  it  is  much  easier  to  work  out 
the  material  to  the  desired  form. 

A  one-half  box  is  sufficient  for  this  core,  as  both  half 
cores  are  similar,  the  only  difference  being  that  one  half 
core  must  be  made  without  the  print  a  shown  in  the  box. 
The  print  a  is,  therefore,  doweled  on  so  that  it  may  be 
removed  and  readily  set  in  place  again.  This  print  is  in- 
tended to  receive  the  end  of  the  side  core  that  is  made  in 
the  box  shown  in  Fig.  8  (^). 

The  stock  for  this  core  box,  Fig.  8  (^),  must  be  thick 
enough  to  leave  sufficient  strength  in  the  back  after  cutting 
away  the  material  at  the  largest  diameter.  Four  pieces  are 
secured  to  the  outside  of  the  box,  as  shown,  and  clearance 
for  draft  on  the  ends  of  the  core  is  cut  from  these  pieces. 

25«  The  core  for  the  side  opening  is  made  separate. 
Fig.  8  (//),  (^),  and  (/")  shows  three  views  of  the  box  in- 
tended for  this  purpose.  A  complete  box  should  be  made 
for  this  core,  the  parting  being  on  the  line  a  b,  and  the  two 
pieces  doweled  together,  as  shown.  The  end  b  b^  Fig.  8  {d), 
must  have  the  same  taper  as  the  plug  part  of  the  main  box. 
The  portion  d^  which  is  intended  to  form  the  projection 
that  goes  into  the  print  left  by  the  piece  a,  Fig.  8  (/;),  must 
be  shaped  to  correspond  with  the  print  it  is  intended  to  fit, 
and  the  end  c  must  be  formed  to  correspond  with  the  print/ 
on  the  pattern  Fig.  7  (f).  The  general  construction  of  the 
box  needs  no  comment,  as  it  is  similar  to  the  core  boxes 
already  described. 

26.  Pattern  for  Pluff. — The  pattern  for  the  plug  is 
shown  in  Fig.  8  (^)  and  is  made  in  halves,  being  parted  di- 
agonally across  the  square  head,  as  shown.  This  pattern  has 
three  core  prints,  the  two  prints  a  on  the  parting  line,  and 
the  print  b  on  the  side.  The  two  prints  a  may  be  formed 
by  letting  in  a  piece  of  wood  that  will  go  directly  across  the 
pattern,  the  grain  being  at  right  angles  to  the  main  portion  of 
the  pattern.  This  is  the  strongest  construction.  The  print  h 
can  be  made  of  a  separate  piece  of  wood  and  be  attached  to 
the  main  portion  of  the  pattern.     On  the  square  end  r  of 
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the  pattern  no  allowance  for  finish  will  be  required, 
the  rest  of  the  surface  an  allowance  must  be  made. 

27.  Core  Box  for  the  Plug. — The  manoLT  of  cori| 
out  the  plug  is  shown  in  Fig.  7  ('/).  If  a  half  box  i 
to  serve  for  making  the  two  halves  of  the  cores,  it  will  I 
necessary  to  fit  a  loose  piece  into  the  recess  b,  so  that  c 
half  of  the  core  can  be  made  without  the  projection  tliatl 
forms  the  side  opening  b.  Fig.  7  ((/).  One  point  that  must 
be  observed  in  making  the  core  and  locating  the  core  prints 
for  the  plug,  is  that  the  core  is  supported  by  the  prints  «,  a, 
Fig,  8  (/(),  and  hence  this  portion  of  the  core  box  and  pat- 
tern must  be  made  very  carefully,  so  that  the  prints  will 
make  a  good  fit  in  the  mold,  for,  if  they  do  not,  the  plug  j 
liable  to  be  thin  on  one  side  and  thick  on  the  other. 


PATTERNS  FOR  WHEELS  ANI>  GEARS. 
28.     Wheels  orGears  ilnvlnfi  a  Weh  or  Plate  ) 
Place  of  Arms.  —  When   the  diameter  of  wheels 
great,  as,  for  instance,  in  the  case  of  small  gears  or  pinioi 
.         a  plate  or  web  takes  t 
TT]        place  of  a  series  of  a 

In   case    the    pattern  1 
divided    into    two   pal 
J<       the  web,  if  thin,  itiayl 
"^        placed    entirely    on 

part,    the   other   half  \ 
the    rim     and    the 
being  made  loose,  or  ed 
half  of  the  pattern  i 
he  made  with  one-balEl 
the  wi-l>.     In  either  cl^ 
ihc  slock  for  the  web  e 
be  joined  up  as  shown  X 
'''°  *  Fig.  0,    When  the  web^ 

composed  of  six  parts,  as  shown  in  Fig.  9,  these  parts  r 
be  sawed  out  from  the  hoard  or  plank,  as  shown  at  a.     TJ 


T''?"~^T 
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ends  of  the  pieces  should  be  finished  on  a  trimmer  and  shoot 
board,  so  as  to  malte  perfect  joints  at  i,  b. 

29.  In  order  to  strengthen  these  joints,  a  tongue  c 
should  be  introduced  into  each  joint.  These  tongues  should 
be  made  of  hard  wood  with  the 
grain  running  at  4.'>"  to  the  joints. 
Any  number  of  pieces  can  I>e  got- 
ten out  in  a  manner  similar  to 
Ihnt  shown  at  a.  After  the  pieces 
are  glued  together,  as  shown,  ih^y 
may  be  sawed  to  approximaii 
the  required  diameter  with  a  Ili 
saw,  and  the  courses,  or  segmn,: 
for  the  rim,  built  up  on  the  di  ' 

II  is  usually  unncces.sary  to  Ji.i.  _— 

the  pieces  extend  to  the  tenlci,  ■■''^ 

as  the  hub  will  cover  this  central  '''^-  '" 

opening,  although  there  are  times  when  it  becomes  necessary 
to  make  a  solid  web  without  the  hole  in  the  center.  In  such 
a  case,  it  is  easier  to  leave  a  small 
opening  at  the  center  and  stop  it 
by  gluing  in  a  separate  piece. 

30.      Wheel    Patterns 

Having    Four    Arms. — When 

four  arms  are  required,  they  are 

usually    half    checked    together 

when  the  thickness  at  the  center 

will   permit  doing  so.     Figs.  10 

and  11  illustrate  two  methods  of 

checking  together  two  forms  of 

arms.     In  Fig.  10  the  arms  are 

broad   and   fiat   and   the   pieces 

are  simply  checked  together.    In 

Iff.  11,  the  required  arms  are  of  considerable  depth,  and 

Ikenre    must   have   ccmsideralile   draft.      It    will    therefure 

be  necessary  to  make  the  joint  between  them  at  a  equal  to 

I  Uie  wrdlh  b  ut  the  narrowest  side  of  the  arm. 
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^^^^^         31.     Wheel  Patterns 

With  Six 

:  or  More  Arni«.-^^^ 

^^^  When  six  or  more  arms  are 

required, 

they  may  be  joined           II 
together  as  shown 

:;| 

in  Fig-  12.     Whet^il 

this  method  iset^^H^ 

ployed,  the  pieC^^^B 

prepared    ^^^^^| 

^n  L~-^..*a.   -  ) 

w 

shown  at    Fig.  ^^^^| 

■              i-  \ 

(.().  C3<^h  piece  t^^^l 

i[ig    wide    enoug^^H 
to  form  the  rmind         1 
corners  of  the  arm 
near  the   hub  and          1 
rim,   and    loq^^H 
enough    to     alb^^^B 
the    ends    of    ^^^^B 

^m 

arms   lo   be    ^t^^^l 

^H              into  the  rim  of  the  wheel. 

The  piece 

s  arc  joined  Loget^^^^B 

^H              with  tongues,  as  shown,  the 

joints  at  the  center  being  m^^^^H 

^H              by  means  of  a  trimmer  and 

shoot  board.     The  outline^^^^| 

^H              the  Hnislicd  arms  is  shown 

^^^H 

^B              in    the    ilotted    lines,    Fig. 

^^^^^ 

'^^■rii^^^^^^^^l 

^1              Vi  {/>),  and  the  hub  is  ^hown 
^M             in  Fig.  12  (fi)  and  (<-). 

i8s^^ 

t^Bt^B^^S^^^^^ 

^^^^^J^B 

^M                 32.     When  the  stock  of 

^^E 

^i^^^^^ 

^1              the  arms  is  thick  enough  to 

^^BM 

^^'W^^^^^^^ 

^B             al!^lw    it,    the     method    of 
^B              joining   shown   in   Pig.    13 

rr-^A-L-^ '-BM. 

H               may  be  employed.     In  this 

9^m 

rjie^^p 

^M               case,  the  joint  is  made  as 

«1         ^ 

H               follows:    The  Stock  for  the 

H                arms  is  dressed  lo  the  re- 

^^^B 

^1               quired  width   and   thiclcness   and  a  Ji 

ne               lengihw^^H 

^H               on    the   center  of   both   faces  of  each 

piece  with  a  gaupe.        ^ 

^H              At  the  middle  of  the  line  on  one  side 

of  the  pieces  shown         I 

H              in  Fig.    ID  (a)  and  (c),  and 

at  the  m 

iddle  of  the  line  o^^M 

^B                both  sides  of  the  piece  sho^ 

.n  in  Fig. 

13  (i^),  a  circle  citl^^fH 
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tu  the  width  iif  the  piece  is  struck  with  a  pair  of  dividers. 
In  the  case  of  sis  arms,  a  bevel  is  set  to  6U°  and  one 
set  of  lines  laid  off  tangent  to  the  circle  and.  in  the  case 
of  (a)  and  (c),  the  bevel  is  then  reversed  and  two  other 
linirs  are  laid  off  on  the  same  side,  which  will  cross  the  first 
ones  at  the  center.  The  piece  shown  in  Fig.  13  (/')  is 
marked  in  the  same  way,  except  that  instead  of  the  fonr 
lines  being  on  one  side,  two  are  on  one  side  and  two  on  the 
nther,  as  shown.  The  gauge  is  now  set  to  one-third  the 
thickness  of  the  stock  and  marks  made  along  the  edges  of 
the  arms.  The  pieces  shown  in  Fig.  13  {d)  and  (c)  are 
gauged  from  both  sides,  while  the  one  shown  in  Fig,  l.T  {n) 
is  gauged  from  one  side  only. 

The  first  operation  of  checking  is  carried  out  as  follows: 
The  piece  shown  in  Fig.  13  (n)  is  checked  on  both  lines  to 
two-thirds  its  depth  in  the  first  operation.  The  piece  slmwn 
in  Fig,  13  (A)  is  checked  on  alternate  sides  to  one-third  its 
depth,  as  shown,  while  in  the  case  of  the  piece  shown  in 
Pig.  I'd  {c),  the  checking  is  carried  out  in  two  operations.  In 
the  first  operation,  the  checking  extends  to  one-third  the 
ilcptli,  snasloobtain  the  surfaces  «  and  i^,  which  shall  be  equal 
in  depth  to  the  check  shown  at  c.  Fig.  1.3  {i).  After  this  por- 
tion nf  the  material  has  been  removed,  the  slock  is  chetktd 
along  the  other  two  lines  to  the  gauge  lines  representing  two- 
thirds  the  thickness  of  the  stock,  so  as  to  obtain  the  surfaces 

If  these  three  pieces  have  been  accurately  cut  as  describeil, 
they  will  fit  together  so  as  to  form  six  arms.  Before  ghiirij^ 
Ihc  pieces  together,  care  should  he  taken  to  see  that  the 
Jtiints  do  not  fit  too  tightly,  as  this  may  distort  the  arms, 
tending  to  bend  them  out  of  the  plane  in  which  they  belong. 

PATTEHX  FOR  SHAFT  COUPLING. 

33*     Guncrtil  Cnnstlderntlitn  tif  Castlnjt  Itequiretl. 

Th<:  finished  casting  is  shown  in  Fig.  14  (<r)  and  {/>).     This 

C3!iting  is  to  be  finished  all  over,  with  the  exception  of  the 


rercss  rt.  and  hence  stock  r 
to  Im    finished   both   inside 


lUst  be  allowed  on  all  j 

and   outside.      No   all 


irfac 
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made  for  the  bolt  holes  b,  as  these  will  be  drilled  subMJ 
quently  through  the  solid  melal. 

34.  Construction  of  the  Pattern.  —  Fig.  14  (j 
shows  a  section  of  the  pattern,  and  Fig.  14  {d)  a  projectioi 
It  will  be  noticed  that  the  disk  is  built  up  of  two  layers,  d 
courses,  a  and  b,  the  courses  being  joined  together  like  thoi 
shown  in  Fig.  El,  except  that  the  tongues  are  omittej 
These  tongues  are  unnecessary  in  this  case,  because  the  t|g 


courses  are  arranged  so  as  to  break  joints,  as  indicated  by  the 
doited  lines  in  Fig.  14  {(/).  The  hubc  and  the  core  print  d 
are  turned  separately,  with  pins  on  them  to  fit  the  hole  g  in 
the  disk,  thus  making  it  easy  to  have  them  concentric  with 
the  outer  circle  of  the  coupling.  The  core  print  rf  should 
remain  loose  so  that  it  may  be  removed  for  laying  the  pat- 
tern  flat   on  the  board  in   the   first  operation  of  raoldii^ 
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The  hub  is  glued  in  place.  In  this  pattern,  draft  is  allowed 
on  all  surfaces  from  the  face  /.  The  core  print  //  is  turned 
with  the  hub  c. 


PATTERNS    FOR  CYLINDER  HEAD   AND  COVER. 
35.     Coastructlon  of  Cjriinder  Head. — The  cylinder- 
head  cover  chosen  to  illustrate  this  style  of  pattern  is  shown 
at  Pig.  15  (a)  and  (d),  the  cylinder  head  being  intended  for 


a  Corliss  engine.     Fig.  15  (d)  shows  a  section  of  the  head 
with  the  cover  i  in  place.     This  same  head  may  also  be  used 
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for  a  slide-valve  engine  by  filling  up  on  the  pattern  one  of 
the  spaces  marked  a.  These  spaces  are  also  shown  by  dotted 
lines  in  Fig.  15  (a). 

36.  Pattern  for  Cylinder  Head. — Having  selected 
dry  lumber,  proceed  to  build  the  pattern  for  the  cylinder 
head  as  shown  in  Fig.  15  (c)  and  {d)^  remembering  to  allow 
stock  for  turning  or  finishing  where  the  marks  f  and  / 
appear  on  the  drawing,  Fig.  15  (b),  f  standing  for  finish 
and  p  for  polish. 

Before  proceeding  to  build  the  pattern,  a  full-sized  section 
of  the  head  should  be  drawn  in  order  to  determine  the  thick- 
ness and  number  of  courses  needed.  This  drawing  will  also 
give  the  width  of  the  courses  necessary.  In  the  case  in 
hand,  four  courses  have  been  selected,  as  shown  at  a,  ^,  c^ 
and  d^  Fig.  15  (^).  After  planing  the  lumber  to  an  even 
thickness,  and  sawing  out  the  segments  for  each  course,  it  is 
well  to  stack  them  up  crosswise  and  let  them  stand  for  sev- 
eral days  in  a  dry  place  to  season  more  fully. 

37.  In  order  to  build  up  the  pattern,  a  wooden  face 
plate  must  be  prepared,  as  shown  at  g^  Fig.- 15  (r)  and  (//). 
After  this  face  plate  has  been  built  up  and  faced  off  in  the 
lathe,  the  successive  series  of  segments  are  built  upon  it, 
each  segment  being  faced  off  in  the  lathe  after  it  is  in  place, 
so  as  to  insure  a  perfect  bearing  for  the  succeeding  segment. 
After  all  the  courses  have  been  built  up,  a  templet  should 
be  cut  out,  as  shown  at  /,  Fig.  15  {^/).  This  templet  may 
be  made  out  of  a  board  \  inch  to  \  inch  thick,  with  the 
edges  somewhat  sharpened,  or  a  thin  sheet  of  metal,  and 
the  shape  should  be  the  same  as  the  cross-section  of  the 
inside  of  the  cylinder  head.  The  small  step  on  the  face  of 
the  cylinder  head,  intended  to  receive  the  cover,  should  not 
be  provided  for  in  the  pattern,  as  this  can  easily  be  turned 
in  afterwards  by  the  machinist.  The  inside  of  the  pattern 
is  turned  out  to  correspond  with  the  templet  /  and  the  out- 
side of  the  segments  c  and  d  turned  to  the  proper  diameter, 
after  which  the  pattern  should  be  taken  off  from  the  face 
plate  and  the  face  e  screwed   to  the   face   plate  so  as  to 
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permit  the  back  side  of  the  pattern  to  be  turned.  Care  must 
be  taken  to  center  the  outside  of  the  segments  c  and  d 
accurately.  It  will  be  seen  by  the  dotted  lines  in  Fig.  15  (a) 
that  the  grooves  a  do  not  extend  entirely  around  the  pat- 
tern, but  in  turning  they  are  turned  all  the  way  around 
and  the  portion  g  A,  Fig.  15  {a)^  is  subsequently  filled  in. 

38.  After  the  pattern  is  turned,  the  ribs  and  the  hub  in 
the  center  must  be  made.  The  stock  for  the  ribs  is  checked 
together  as  shown  at  a^  Fig.  15  (/).  Before  half  checking 
the  pieces  together,  it  may  be  well  to  roughly  cut  the  ends 
to  fit  the  templet  /,  after  which  care  must  be  taken  to  see 
that,  in  half  checking  the  pieces,  they  are  joined  exactly  in 
the  center,  so  that  when  the  ribs  are  located  as  shown  in 
Fig.  15  (a),  the  small  boss  will  be  exactly  concentric  with 
the  head.  The  ribs  should  have  a  little  taper  to  allow  for 
draft,  and  should  be  made  of  such  a  height  that  the  dimen- 
sion Xy  in  Fig.  15  (^),  will  correspond  with  that  shown  in 
Fig.  15  (/*).  Instead  of  gluing  fillets  into  the  corners  at  the 
base  of  the  ribs  after  the  latter  are  fastened  in  place,  it  is 
better  to  glue  the  fillets  to  the  ribs,  as  shown  in  Fig.  15  (/). 
The  hub  at  the  center  should  also  be  formed  by  gluing  cor- 
ner pieces  into  the  corners  of  the  ribs,  as  shown,  and  turn- 
ing a  small  hub  to  go  on  top  of  the  pattern,  as  shown  at  r, 
Fig.  15  (/*).  After  the  ribs  are  completed,  they  are  placed 
in  the  pattern,  glued  in  position,  and  the  fillets  at  the  ends 
of  the  ribs  made  and  glued  into  place. 

3J>.  Pattern  for  Cover.  —  The  pattern  for  the  false 
cover  of  the  head  is  made  as  shown  in  plan  and  section  in 
Fig.  15  (t').  The  plate  is  made  of  strips  to  prevent  it  from 
warping,  and  if  the  joints  are  not  glued,  the  danger  of  the 
pattern  cracking  is  greatly  reduced.  The  strips  are  held  to- 
gether by  two  courses  of  segments,  one  on  each  side,  as  shown 
in  the  cross-section.  Two  small  bosses  a  are  turned  and 
located  in  the  center  of  the  plate,  as  shown.  The  pieces  for 
this  pattern  are  gotten  out  in  the  usual  manner  and  turned 
to  proper  form  upon  a  wooden  face  plate.  In  the  case  of 
large  engines,  when  very  thin  false  covers  are  used,  it  is 
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sometimes  necessary  to  make  the  wooden  pattern  very 
carefully  and  to  make  a  supporting  form  for  it;  then  make 
one  casting  from  this  and  finish  it  carefully  so  that  it  may 
be  used  as  an  iron  pattern  for  all  future  castings  that  may 
be  required.  It  is  usually  best  to  do  this  in  the  case  of  all 
large,  thin  castings.  The  supporting  form  for  the  wooden 
pattern  may  be  so  constructed  as  to  fill  all  the  space  beneath 
the  pattern,  or  it  may  be  a  frame  supporting  the  pattern  at 
frequent  intervals. 


PATTERN  FOR  CRANK   DISK. 

40*     General  Consideration  of  Casting  Required. 

In  Fig.  16  {a)  is  shown  an  elevation  and  two  sections  of  a 
crank  disk,  one  section  being  taken  on  the  line^  CD  and  the 
other  on  the  line  A  D.  It  will  be  noticed  that  the  crank  is 
provided  with  a  counterbalance  //,  which  is  placed  opposite 
the  hub  e  for  the  crankpin.  This  hub  e  on  small  disks  would 
be  cast  solid  and  the  hole  in  it  subsequently  drilled  and 
bored.  The  hub  for  the  shaft  //  would  always  be  cast  with 
the  hole  cored  through  it. 

41*     Construction     of    Pattern    for    Crank   Disk. 

The  general  construction  of  the  pattern  for  this  disk  is 
shown  in  Fig.  16  {^),  (^),  and  \d).  The  main  web  of  the 
crank  is  composed  of  narrow  boards,  as  shown  in  the  eleva- 
tion and  section.  Fig.  16  (b).  These  narrow  strips  a  should 
not  be  glued  together  along  their  joints,  but  should  be  held 
in  place  by  the  segments  b  and  c  of  which  the  rim  is  built 
up.  After  having  built  up  the  courses  or  segments  of  the 
plate,  they  should  be  allowed  to  dry  for  some  time  before 
turning,  and,  while  this  is  going  on,  the  counterbalance,  hub, 
and  crankpin  hub  may  be  made.  It  will  be  noticed  in  the 
sections  shown  in  Fig.  16  {(i)  that  the  hubs  project  on  one 
side  of  the  crank.  It  is  more  convenient  to  make  the  pro- 
jecting portion  of  the  hubs  separate,  and  hence  the  first 
pieces  for  the  hubs  are  turned  to  the  same  thickness  as 
the  counterbalance,  as  shown  at  a^  Fig.  16  (r). 
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Afler  the  hub  is  turned,  one  sirfe  is  sawed  off  flat,  assh 
This  is  a  better  way  than  fitting  the  connterbal; 
around  the  hub. 


The 


^ 


cuunterbalance  is 
then  carved  out  with 
Its  hllet  in  place  and 
glued  to  the  huh. 
After  tile  hub  and  the 

fitted  together  as 
shown  in  Fig.  10  (c), 
the  projecting  pur- 
tiun  of  the  hub  is 
turned  up,  together 
with  Us  core  priiU.  as 
shown  in  Fig.  ir,(,/). 
The  hub  (-  fur  the 
crankpin,  Fig.  Hi  (n). 
is  also  turned  up. 
Theribt,  Fig.  li;(rt). 
for  connecting  (he 
shaft  and  crankpin 
hubs,  need  not  be 
gotten  out  until  it  is 
necessary  to  attach 
the  parts  to  the  pat- 
tern. The  portion  of 
the  huh  f  projecting 
beyond  the  rim  of  the 
]jattern  should  also 
he  made  detachable 
and  secured  by  dowel- 
pins.  By  the  time 
these  parts  are  com- 
pleted, the  segments 
for  the  main  portion 
of  the  disk  will  be  dry 
and  this  portion  can 
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be  screwed  to  the  face  plate  of  a  lathe  and  turned  up.  In 
turning,  the  diameter  should  be  made  smaller  on  the  plain 
side  of  the  pattern  for  draft.  The  crank  is  molded  in  the 
position  shown  in  the  lower  section,  Fig.  16  (a),  that  is,  with 
the  hub  up.  The  casting  is  made  with  this  side  up  because 
the  plain  surface  must  be  free  from  scum  and  dirt,  in  order 
that  it  may  have  a  good  smooth  surface  when  machined. 

42.  Allowance  for  finish  must  be  made  on  all  the  sur- 
faces that  are  marked  /  in  Fig.  IG  {a).  After  the  main 
portion  of  the  disk  is  turned,  the  separate  pieces  are  secured 
to  it,  care  being  taken  to  see  that  the  grain  in  these  por- 
tions runs  in  the  same  direction  as  the  grain  in  the  strips 
forming  the  web  of  the  disk,  as  this  will  allow  the  parts  to 
shrink  uniformly.  After  the  hub  A,  counterbalance  ^,  and 
crankpin  hub  e,  Fig.  IG  (a),  are  in  place,  the  web  i  and  the 
fillets  between  the  hub  e  and  the  outside  of  the  disk  are 
formed  and  glued  in  place.  The  reason  for  making  the  pro- 
jecting portions  of  both  hubs  detachable  is  that  this  surface 
of  the  pattern  may  be  placed  in  contact  with  the  molding 
board  during  the  first  operation  of  molding. 


PATTERN  FOR  STEAM-CHEST  COVER. 

43.  General  Consideration. — A  steam-chest  cover 
for  a  slide-valve  engine  is  shown  in  Fig.  17  (a),  the  upper 
view  being  an  elevation,  and  the  lower  one  a  section  on  the 
line  A  B.  This  cover  is  strengthened  by  cross-ribs  in  order 
to  enable  it  to  withstand  the  steam  pressure  to  which  it  will 
be  subjected.  This  is  a  very  simple  casting  for  which  to 
make  a  pattern,  and  there  are  a  number  of  ways  in  which 
it  can  be  made.  If  it  is  desired  to  make  it  quickly,  and 
make  but  one  casting  from  it,  a  square  piece  of  board 
with  ribs  and  strips  nailed  on  the  outer  edges  will  answer 
the  purpose,  but  this  will  not  do  for  a  pattern  in  frequent 
use,  because  it  will  probably  split  and  warp  out  of  shape. 
When  the  pattern  is  intended  for  continuous  use,  it  is  better 
to  build  it  up  of  separate  pieces. 
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4-1.     Coaatrtictlon  of  a  Pattej 


two  views  uf  a  partially  com- 


Cover— Fig,  17  (i)  show: 
pleied  pattern  for  a  steam- 
chcsL  cover,  tlie  upper  one 
being  an  elevation  and  the 
lower  one  a  section.  The 
central  part,  or  web,  is 
made  up  of  narrow  strips, 
as  in  the  case  of  the  pat- 
tern of  the  disk  crank. 
These  strips  are  fitted 
into  a  groove  in  the  outer 
frame  surrounding  them. 
It  will  be  noticed  that  this 
frame  is  mitered  at  the 
comers  and  joined  to- 
gether by  tongues,  as  in- 
dicated by  the  dotted 
lines  at  a.  The  pattern 
is  molded  and  the  casting 
poured  with  the  side  that 
is  to  go  next  to  the  cylin- 
der, down,  that  is,  the 
side  c  Fig.  17  (a).  This 
is  done  to  insure  clean 
iron  on  this  surface,  be- 
cause it  is  to  be  planed. 
Stock  must   be  left  to  al-  '' 

Iifw   for  finish   on  all  the  ""  '" 

surfaces  marked/.  Fig.  17  («),  The  four  corners  of  the 
IMltern  are  rounded,  as  indicated  by  the  dotted  lines, 
Fig.  17  (^).  after  which  the  cross-ribs  are  made  by  joining 
Iwo  pieces  together  at  the  center  and  cutting  them  to  the 
desired  form.  These  ribs  should  be  doweled  to  the  cover 
*••  thai  they  may  be  taken  off  to  allow  the  molder  to  lay 
ihc  pattern  flat  on  the  board  during  the  first  <iperation  in 
molding.  The  construction  of  the  ribs  is  very  simple,  and 
hence  they  are  not  shown  in  the  illustration. 


=^a 
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PATTERNS  FOR  CORLISS  ENGINEi  VALVE-GEAR 

DETAILS. 

45.  General  Consideration  of  Castingrs. — Fig.  18 
shows  two  views  of  a  hook  lever  for  a  Corliss  engine  valve 
gear  and  Fig.  19  (a)  shows  two  views  of  an  exhaust  arm  for 
the  Corliss  engine.     The  two  castings  have  very  similar 

characteristics,  that  is,  each  is  com- 
posed of  one  or  more  flat  levers  having 
an  oval  cross-section  and  bosses  or  hubs 
at  the  ends.  The  exhaust  arm  shown 
in  Fig.  19  (a)  is  the  simpler  of  the  two, 
and  hence  its  construction  will  be 
taken  up  first. 

46.     Pattern  for  Exhaust  Arm. 

A  piece  of  wood  is  planed  parallel  on 
its  sides  to  the  thickness  a,  Fig.  19  {a), 
and,  after  the  outline  of  the  arm  is  laid 
out  upon  it,  it  is  carefully  sawed  out 
with  a  narrow  band  saw  to  the  shape 
shown  in  Fig.  19  (d).  After  this,  two  f-inch  holes  are  bored 
through  the  pattern,  one  at  the  center  of  each  hub.  Care 
should  be  taken  to  see  that  these  holes  are  perpendicular  to 
the  surface  of  the  block  and  parallel  to  each  other,  so  that 


Fig.  18. 


*a* 


fa) 


3 


rev 


Fig.  19. 


the  distance  from  center  to  center  shall  be  the  same  on  both 
sides.  After  these  holes  have  been  bored,  the  four  small 
bosses  a,  b,  r,  and  d^  Fig.   19  (r),    are  turned   as  shown. 
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These  bosses  are  provided  with  pins  that  fit  tightly  into  the 
holes  bored  in  the  arm.  Owing  to  the  fact  that  the  larger 
end  dy  Fig.  19  (a),  contains  much  more  metal  than  the 
smaller  end,  it  is  necessary  to  make  provision  for  cooling  it 
as  rapidly  as  possible,  in  order  to  prevent  the  smaller  por- 
tion from  drawing  metal  from  it  as  it  cools.  This  is  accom- 
plished by  coring  a  hole  through  the  larger  end,  the  hole 
through  the  smaller  end  being  drilled  through  the  solid 
metal  after  the  casting  is  completed.  To  provide  for  this 
core,  two  core  prints  e  and  /  are  provided  on  the  bosses 
c  and  d.  Fig.  19  (c), 

47.  To  turn  the  bosses  for  this  pattern,  first  saw  out, 
from  a  thick  plank,  a  rough  piece  large  enough  in  diameter 
to  turn  the  largest  boss,  and  screw  it  to  the  screw  chuck  of 
the  lathe,  as  shown  in  Fig.  19  (//),  a  being  the  screw  chuck 
and  b  the  block.  In  this  way,  the  bosses  may  be  turned 
and  cut  off  with  a  narrow  cutting-off  chisel.  One  completed 
boss  is  shown  at  r,  and  the  dotted  lines  at  d  represent  the 
amount  removed  by  the  parting  chisel.  The  grain  in  this 
piece  should  run  crosswise  and  not  in  the  direction  of  the 
center  line  of  the  boss,  as  the  latter  arrangement  would 
make  it  difficult  to  turn  the  fillets  without  breaking  their 
outer  edges.  When  the  bosses  are  completed,  they  are  glued 
in  place  on  each  side  of  the  arm,  care  being  taken  to  locate 
them  so  that  the  grain  of  the  wood  in  the  bosses  and  the 
arm  runs  in  the  same  direction.  The  arm  is  next  worked 
to  an  oval  shape  between  the  bosses,  as  shown  in  Fig.  19  (a). 
The  corners  should  be  carved  carefully  to  size.  Sandpaper 
should  be  used  only  for  the  final  finishing;  it  is  not  good 
practice  to  do  with  sandpaper  what  should  be  done  with 
tools.  As  shown  in  the  illustration,  this  pattern  is  made 
solid  or  without  a  parting  line.  When  many  castings  are 
required,  it  is  well  to  make  a  match  of  oil  sand  or  plaster, 
or  metal  patterns  may  be  made  in  halves. 

48.  Pattern  for  Hook  Lever. — The  pattern  for  the 
hook  lever  shown  in  Fig.  18  is  made  in  the  same  manner  as 
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that  for  the   exhaust  arm,  except  that  the  plate  forming 
the  two  arms  is  made  in  two  pieces  and  fastened  together 

with  a   tongue,  as  shown  in    Fig.  SO. 

In  this  case,   the  bosses  will  serve  to 

hold  the  joint  together  when  glued  on 

each  side. 


PATTERN   FOR    SLIDE-VALVE 

ENGINE  CYLINDER. 

49.     Construction   of  Cylinder. 

Slide-valve  engine  cylinders  are  made 

in  a  variety  of  forms.      The  one  chosen 

^'°  *"  and  explained  here  is  of  a  well-known 

type  and  is  illustrated  by  the  three  views  shown  in  Fig.  31,  («) 

being  a  longitudinal  section   through   the  cylinder,  steam 

chest,  and  ports,  {d)  a  section  on  the  line  A  B  showing  the 


exhaust  port,  and  (f)  a  section  on  the  line  CD  showing  the 
steam  port  and  steam  chest.  From  this  it  will  be  seen  that 
quite  a  complicated  system  of  coring  is  necessary. 

SO.  Pattern  for  the  Cylinder. — The  making  of  the 
pattern  for  this  cylinder  depends  largely  on  its  size.  When 
llie  diameter  is  to  be  less  than  12  inches,  the  body  may  be 
built  up  solid,  but,  when  above  that  size,  it  is  better  to 
build  it  with  staves,  as  shown  in  Fig.  33.  In  this  case,  only 
one-half  of  the  pattern  is  shown,  as  that  is  all  that  will  be 
needed   for   explanation.     This    pattern    is    built    up  in  a 
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as  illustrated  in  Fig.  16,  Part  2,  the  supports  a  being  sawed 
out  in  the  form  of  polygons  to  receive  the  staves  d.  Make 
the  supports  a  of  pieces  so  placed  that  the  grain  of  the 
wood  runs  approximately  in  the  direction  of  the  circumfer- 
ence of  the  cylinder,  as  in  Fig.  22  (c),  for  if  made  of  single 
pieces,  they  will  shrink  across  the  grain  and  so  reduce  one 
diameter  of  the  cylinder  more  than  the  other.  The  staves 
are  so  placed  that  the  core  prints  at  the  ends  of  the  pattern 
can  be  turned  from  them.  To  form  the  central  portion  of 
the  pattern  and  to  allow  for  the  thickness  of  the  cylinder, 
an  extra  thickness  is  glued  on  each  stave  from  c  to  ti,  as 
shown  in  Fig.  22  (a).     These  extra  pieces  can  also  be  seen 


on  top  of  the  staves,  Fig.  22  {6).  This  method  makes  a 
stronger  pattern  than  can  be  formed  by  fastening  the  prints 
on  the  ends  with  screws  or  glue.  The  flanges  /  are  made 
thick  enough  so  that  the  fillets  on  the  back  can  be  tnrned 
from  the  stock  of  the  flanges.  The  flanges  should  be  made 
with  the  grain  running  diagonally,  as  shown  in  Fig.  22  (f), 
as  this  method  of  placing. the  wood  will  prevent  the  shrink- 
age from  affecting  the  flanges  to  any  great  extent. 

51.  The  cylinder  body  is  built  up  and  turned  hefore 
the  steam  chest  is  made  and  fitted.  The  steam  chest  is 
then  fitted  on  as  shown  in  Fig.  23  (a)  and  (i^).  Only  one 
half  of  the  pattern  will  have  to  be  fitted  with  the  steam 
chest,  the  other  half  srmply  requiring  one-half  of  the  Range 
and  core  print  for  the  exhaust  port  as  shown  at  //,  The 
pieces  for  the  exhaust  passage  ^  and  thickness  t  over  the 
steam  ports  are  shown  in  place;  they  must  be  carved  out  of 


36 


PATTERNMAKING. 


§33 


wood  and  glued  and  screwed  to  the  pattern.  The  fillets 
at  a  and  b^  Fig.  23  (^),  are  cut  out  from  solid  blocks  that 
are  placed  between  the  pieces  /and  the  steam  chest  proper; 
this  prevents  all  danger  of  the  fillets  coming  out  or  being 
stripped  from  the  pattern.  The  steam  chest  s  may  be  made 
solid  or  built  up  as  a  box,  the  construction  depending  on  its 
size.     The  strips  e  on  the  steam  chest,  which  give  extra 


thickness  of  metal  for  the  studs,  are  made  loose,  being  held 
in  place  during  molding  by  long  dowel-pins  j.  Also,  the 
valve-stem  stuffingbox  c  and  the  facing  d  around  the  live- 
steam  opening  are  loose  and  fastened  in  the  same  way.  In 
Fig.  23  (^),  a  portion  of  the  strip  e  has  been  broken  away 
to  show  the  manner  of  letting  it  into  the  pattern.  This  is 
to  prevent  its  being  moved  out  of  place  during  ramming, 
after  the  dowel-pins  have  been  taken  out. 

52.  This  pattern  is  to  be  molded  in  a  two-part  fiask, 
parted  on  the  line  dk\  all  the  loose  pieces  mentioned  being 
made  in  sections  and  so  placed  that  the  main  pattern  will 
draw  away  and  leave  them  in  the  sand;  they  can  then  be 
drawn  into  the  opening  left  by  the  pattern  and  removed, 
one  piece  at  a  time.  The  core  print  /  for  the  steam  chest 
should  be  doweled  on  also;  if  made  fast,  the  molder  will 
probably  tear  it  off,  as  it  is  a  great  convenience  to  have 
this  print  loose  so  that  it  can  be  placed  back  in  the  bottom 
of  the  mold  while  drawing  the  loose  pieces  and  dressing  up 
the  mold. 

53.  Core  Boxes  for  Cylinders. — The  core  boxes  for 
the  steam  ports  are  shown  in  Fig.  24,  (a)  showing  a  side 
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view  of  the  core  box  with  the  side  d,  Fig.  24  (r),  renrnvf 
The  core  is  swept  up  on  the  out- 
side along  the  length  marked  x, 
a  special  sweep  being  provided 
for  this  purpose,  which  is  guided 
by  the  sides  a  and  ii.  Fig.  24  (/)) 
and  (c).  The  piece  c  is  made  to 
form  the  upper  part  of  the  con-, 
because  it  changes  from  a  cir- 
cular shape  to  a  straight  part 

just  where  it  enters  the  steam  '"^  '"" 

chest.     Fig.  24  (^)  is  a  top  view  '''"'-  ■*' 

and  Fig,  'H  [f)  is  an  end  view  of  the  bn.x  witli  the  end  </, 
Fig.  24  (d),  removed. 

54.  The  ejthaust-port  core  box  is  made  in  lialves,  and 
ODC  baU  is  shown  in  Fig.  %!i,  the  other  half  being  like  this, 

except  that  it  is  made  left- 
handed,  so  that  the  two  halves 
Will  fit  when  put  together.  The 
d'ltied  line  in  Fig.  25  {n)  shows 
li'iw  the  passage  is  widened 
U>  maintain  a  constant  area 
'"'  ■*■*  throughout,   that  is,   it   is   cut 

^"^  ^-  down  along  the  part  of  the  pas- 

sage occupied  by  Ihe  arrow  in  Fig.  25  (6). 

55.  The  core  box  for  the  steam  chest  may  be  made  as 
shown  in  Fig.  20.     In  {a),  the  side  of  the  box,  and  in  {^), 

5  end  of  the  box,  have  been  removed  to  show  the  inside. 
The  piece  rf,  which  forms  the  valve  face,  is  screwed  to  the 
bottom  of  the  box  and  the  sides  fitted  around  it.  The  core 
prints  7,  S,  and  S  are  to  receive  the  ends  of  the  steam-port 
and  exhaust-port  cores,  The  steam-chest  core  is  the  first 
ihal  is  set  in  the  mold,  the  cylinder  being  molded  with  the 
steam  chest  down.  After  this,  the  exhaust-port  andsteani- 
jxjrt  cores  are  set  with  their  ends  in  the  openings  left  by 
the  prints  J,  S,  and  d,  Pig.  26.  The  core  for  the  cylinder 
body  is  usually  swept  up  on  an  iron  cylinder  wrapped  with 


38 


PATTERNMAKING. 


§33 


hay  rope,  the  prints  to  receive  the  ends  of  the  steam-port 
cores  being  formed  in  the  core.  In  the  case  of  small 
cylinders,  the  prints  for  the  end  of  the  port  cores,  as  shown 
at  i,  ^,  and  «?,  Fig.  26,  are  frequently  made  of  the  form 
shown  in  Fig.  27  {a),  and  the  cores  for  the  steam  ports  are 
provided  with   projections  to   fill   the   space   between   the 


(a) 
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regular-port  print  and  the  exhaust-port  print.  The  gen- 
eral form  of  the  cores  is  shown  by  Fig.  27  (^),  in  which  a  is 
the  exhaust-port  core  print  and  6  and  c  the  projections  on 
the  end  of  the  steam-port  cores.  When  this  method  is 
employed,  the  core  box  shown  in  Fig.  24  is  made  in  such  a 
manner  as  to  provide  for  the  projections  on  the  cores  as 
shown  at  d  and  c.  Fig.  27  {6). 

56.  It  is  possible  to  get  along  by  making  only  one-half 
of  the  cylinder  pattern  by  making  all  the  parts  for  the 
steam  chest,  port  passages,  etc.,  detachable,  and  arranging 
the  pattern  so  that  oaly  the  portion  for  the  print  //,  Fig.  23, 
and  the  flange  that  surrounds  it  will  be  used  in  molding  the 
second  half.  Of  course,  it  will  be  necessary  to  place  these 
on  the  opposite  side  of  the  pattern,  so  that  the  two  halves 
will  come  together  properly.  When  this  is  done,  each  half 
of  the  mold  can  be  made  separately  and  then  put  together. 
Patterns  for  Corliss  engine  cylinders  may  be  constructed 
in  a  similar  manner. 
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(PART  4.) 

PRACTICAL   EXAMPLES  OF    PATTERN- 
MAKING. 


STOP  OH  THROTTLE  VALVE. 
1.     General   Consideration   of  the    Castings    Re- 
quired.— A  stop,  or  throttle,  valve  is  shown  in  section 


in  Fig.   1-     The  body  a,  the  bonnet  b,  and  the  hand  wheel  i 
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are  all  made  of  cast  iron,  while  the  valve  if.  valve  stem  c.  and 
seat  ^are  made  of  brass.  Finish  must  be  allowed  for  all 
joints  and  for  all  faces  marked  y. 

2.     Pattern    for   Valve    Body. — This    throttle    valve 
is  similar  to  the   ordinary    globe   valve  shown  in   Fig.   4. 


Patlernmaking,  Part  3,  but  is  mali 
terns  for  it  differ  somewhat  in  cmi- 
valve  pattern.     Fig.  2  (a)  shows  oiic-haU  ui  tlie  (lii 
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illustrates  the  method  of  joining  the  different  parts.  The 
stock  for  the  main  portion  of  the  valve  should  be  sawed  out 
about  16  inches  long,  which  will  allow  about  IJ  inches  on 
each  end  for  screwing  the  halves  together  while  turning. 
The  halves  of  this  pattern  should  not  be  glued  together,  as 
they  must  be  taken  apart  and  put  together  again  before  the 
turning  is  finished.  The  end  flanges  fit  in  recesses  formed 
in  the  core  prints,  as  shown  at  a^  Fig.  2  (a).  The  flanges  ^, 
Fig.  2  (rt),  are  turned  on  the  pattern,  that  is,  they  are  first 
bored  and  faced  to  fit  the  recesses  in  the  core  prints,  after 
which  they  are  screwed  and  glued  in  place  and  then  turned 
up  or  finished  during  the  work  of  finishing  the  valve  body. 
This  insures  their  being  concentric  with  the  body  of  the 
pattern.  The  body  should  be  turned  to  a  templet  cut  to  a 
4f-inch  radius. 

Owing  to  the  fact  that  the  body  is  oval  and  not  round, 
the  side  flange  ^,  together  with  the  portion  of  the  pattern 
connecting  it  to  the  body,  has  to  be  joined  in  a  special 
manner.  If  a  flat  surface  were  formed  on  one  side  of  the 
body  of  the  pattern,  it  would  have  an  oval  outline;  hence, 
the  surface  must  be  formed  in  such  a  manner  as  to  have  a 
circular  outline.  This  is  accomplished  by  cutting  the  faces 
of  the  halves  of  the  pattern  at  an  angle,  as  seen  in  the  end 
view,  Fig.  2  (b)^  which  shows  the  pattern  with  the  flange  b 
removed.  Two  wedge-shaped  blocks  j  are  fitted  to  the 
pattern,  being  joined  along  the  line  h  /,  Fig.  2  (<^),  and 
along  the  line  c  d.  Fig.  2  {a).  Upon  the  back  of  these 
blocks  y,  the  flange  e  and  the  portion  f  joining  it  to  the 
pattern  are  secured,  they  having  previously  been  turned. 
After  this,  the  necessary  fillets  are  worked  out  of  the 
wedges  j\  Fig.  2  {b),  the  form  of  the  half  pattern  when 
completed  being  indicated  by  the  dotted  lines.  In  the 
illustration,  the  core  print  ^  is  represented  as  being  simply 
glued  and  screwed  to  the  flange  e. 

3.  Core  Box  for  Valve  Body. — One-half  of  the  core 
b<^x  for  the  valve  body  is  shown  in  Fig.  2  (c)  and  an  end 
view  with  the  end  board  removed  and  the  side  projection 
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omitted  is  shown  at  Fig.  2  {d).  From  this  it  will  be  seen 
that  the  core  box  is  built  up  from  two  or  more  flat  pieces 
glued  together.  In  the  illustration,  the  separating  bridge 
is  shown  as  being  carved  out  of  the  piece  forming  the  core 


•?^ 


ti 


box.  This  bridge  is  cut  down  almost  perpendicular  to  the 
surface  of  the  box,  very  little  draft  being  allowed  on  the 
sides  and  a  small  fillet  being  made  at  the  bottom.     It  will 
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be  seen  that  in  order  that  the  cores  may  match  when  pasted 
together,  another  half  box  is  needed.  One-half  is,  however, 
sometimes  made  to  answer  hy  making  two  separating 
bridges,  one  right-handed  and  one  left-handed,  which  are 
doweled  in  place,  so  that,  when  the  cores  are  being  made, 
the  bridges  arc  used  alternately.  This  apparently  accom- 
plishes the  same  purpose  as  two  half-completed  core  hoses, 
but  in  practice  it  does  nut  give  the  same  satisfaction,  as  the 
bridges  are  liable  to  be  broken,  lost,  or  rammed  out  of 
place  when  making  cores,  resulting  in  an  imperfect  casting, 
and,  as  this  kind  of  pattern  is  liable  to  be  used  constantly, 
it  will  be  more  serviceable  to  make  two  complete  half  boxes 
with  bridges  as  represented.  The  ends  and  side  of  the  box 
are  clused  with  boards,  as  shown,  the  necessary  draft  being 
formed  in  these  boards  for  the  ends  of  the  cores.  Fur 
carving  such  a  box,  it  will  be  necessary  to  make  templets 
for  the  various  cross-sections. 

4.  Bonnet  Pattern. — A  detail  of  the  bonnet  casting 
is  shown  in  Fig.  3  (rt)  and  the  pattern  is  shown  in  plan  and 
elevation  at  Fig.  ;t  (*).  The  upper  view  shows  an  elevation 
of  the  pattern,  a  portion  of  which  has  been  broken  away  to 
illuiitrate  the  construction.  The  pattern  is  drawn  to  a 
larger  scale  than  the  casting.      The  flange  a  for  the  pattern 

jrneii  after  it  is  fitted  and  fastened  to  the  main  portion 
of  the  pattern.  As  shown  in  the  illustration,  this  pattern 
is  not  parted  and  is  made  to  mold  endwise.  It  will  be 
necessary  to  have  a  molding  board  with  a  hole  in  the  center 
for  the  portion  &  to  project  through  during  the  first  opera- 

,  of  molding.  The  main  body  of  the  pattern,  including 
the  core  print  c  and  the  cylindrical  portion  of  the  print  if, 
are  turned  from  one  piece.  The  auxiliary  core  prints  c  and/ 
are  glued  and  screwed  in  place. 

5.  Core  Box  for  Bonnet  CaHtlng — A  core  box  for 

he  Imnnet  pattern  is  illustrated  liy  the  two  views  shuwn  in 
pig.  'i  (f).  This  pattern  can  all  be  carved  from  one  block 
>f  wood,  with  end  boards  as  shown.     The  proper  draft  must 
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be  allowed  on  the  inside  of  the  end  boards  or  the  core  box 
can  be  made  from  several  pieces,  the  divisions  being  along 
the  dotted  lines  ab^  c  d^  and  ^/".  This  latter  construction 
would  permit  the  turning  or  working  out  of  each  portion  of 
the  box  separately,  which  will  somewhat  simplify  the  con- 
struction; but,  in  most  cases,  the  large  number  of  joints 
would  add  complications  that  would  more  than  overbalance 
the  gain.  When  the  box  is  made  of  separate  pieces,  the 
various  pieces  are  secured  in  place  by  gluing  a  board  on  the 
back  of  the  box. 

6.  Pattern  and  Core  Box  for  Hand  i;Vheel. — The 

pattern  for  the  hand  wheel  is  shown  in  the  two  views  given 
in  Fig.  3  (r/),  the  lower  one  being  a  section  on  the  line  ab. 
The  pattern  being  only  G  inches  in  diameter  may  be  turned 
from  one  solid  piece  of  wood,  but,  when  forming  the  arms, 
care  should  be  taken  to  cut  them  so  that  the  grain  of  the 
wood  runs  at  an  angle  of  45°  to  the  arms,  which  will  make 
them  of  uniform  strength.  Another  way  is  to  turn  the  rim 
from  a  single  piece  and  then  let  the  arms  into  it.  Square 
core  prints  are  formed  on  the  pattern,  as  shown  in  the  illus- 
tration. The  core  prints  are  turned  to  a  diameter  equal  to 
the  diameter  across  the  corners  of  the  squares,  and  are  sub- 
sequently cut  to  a  square  form. 

The  square  core  box  for  the  hand-wheel  core  is  illustrated 
in  Fig.  3  (r) ;  it  is  made  into  halves  and  doweled  together, 
being  parted  at  the  two  corners,  so  that  when  the  core  is 
rammed  up,  the  box  can  easily  be  taken  apart  without  break- 
ing the  corners  of  the  core. 

7.  Patterns  for  Valve  DetailH. — The  pattern  for 
the  valve  is  shown  in  Fig.  2  (<),  (/"),  and  (^).  The  upper, 
or  nut,  part  of  the  valve  pattern  a  is  not  made  fast  to  the 
valve  b^  but  is  located  by  a  ^-inch  pin  r,  which  is  turned 
upon  it  as  shown  in  Fig.  2  (t).  The  guide  d  is  made  in  the 
same  manner,  but  is  secured  permanently  to  the  valve  pat- 
tern, as  shown  in  Fig.  2  (/).  The  pieces  e  and  y  are  glued 
and  screwed  to  the  piece  a  after  the  latter  has  been  turned. 
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The  pattern  for  the  valve  seat  is  shown  by  the  two  views 
given  in  Fig.  2  (//).  In  the  lower  view,  a  portion  of  the 
pattern  has  been  broken  away  so  as  to  show  the  hub,  or 
guide,  a  for  the  spindle  on  the  lower  portion  of  the  valve. 
This  hub  is  supported  by  the  web  ^,  as  shown.  The  grain 
in  this  pattern  should  run  in  the  direction  of  the  axis  of  the 
seat,  as  indicated  by  the  lower  view.  The  outer  ring  of  this 
pattern  may  be  turned  from  a  block  of  wood  and  the  bridge  b 
and  hub  a  glued  in  place  afterwards. 

No  pattern  is  shown  for  the  valve  spindle,  as  it  will  be 
similar  to  the  one  shown  in  Fig.  6,  Patternmaking^  Part  3. 
The  valve  seat,  valve,  and  spindle  are  made  of  brass,  and  it 
is  therefore  not  necessary  to  allow  as  much  stock  for  finish 
on  the  pattern  as  in  the  case  of  iron  castings,  owing  to  the 
fact  that  brass  castings  are  usually  smoother. 


SPECIAL  THREE-liVAY   STOP-COCK. 

8.  Conatructlon. — The  three-way  stop-cock  described 
in  Art.  19,  Patternmaking^  Part  3,  is  of  such  construction 
that  all  the  angles  are  right  angles.  The  one  illustrated  in 
Fig.  4  is  of  a  special  design  having  the  three  passages  120° 
apart.  The  general  construction  of  the  valve  will  be  un- 
derstood by  reference  to  Fig.  4  (^),  (^),  and  (r).  Fig.  4  {a) 
is  an  elevation  of  a  complete  cock ;  (^)  is  a  section  on  the 
line  lnt\  while  (c)  is  a  section  on  the  liney/'.  In  Fig,  4  (r) 
the  cock  is  not  shown  as  it  would  appear  if  projected 
from  {b)\  the  plug  has  been  given  a  portion  of  a  revolution 
so  as  to  bring  one  of  the  openings  to  the  front.  Owing 
to  the  shape  of  this  design  of  cock,  it  cannot  be  molded  and 
cast  like  the  one  shown  in  Art.  19,  Pattcrnniaking^  Part  3. 

9*     Appliances  for  Dry-Sand  Mold  for  Body. — For 

a  straight-way  cock  there  is  no  better  way  of  obtaining  a 
casting  than  by  making  a  pattern;  but,  for  a  three-way 
body  or  shell  of  the  design  shown,  a  core  box  may  be  sub- 
stituted for  the  pattern  and  made  to  answer  the  molder's 
requirements  better  than  the  pattern.     The  disadvantages 

6'.  VoU  IV.— 10. 
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of  a  pattern  for  the  shell  arise  from  the  fact  that  it  is  prac- 
tically impossible  to  part  the  pattern  in  such  a  direction  that 
it  can  be  molded  in  any  but  a  complicated  flask. 

1 0«  Fig.  4  (^ )  is  a  vertical  section  of  a  mold  for  such  a 
valve  body,  and  Fig.  4  (e)  is  a  horizontal  section  of  the  same 
mold.  The  outer  part  of  these  molds  consists  of  three 
cores  ^,  A,  and  /.  These  cores  are  joined  on  the  radial  lines 
passing  through  the  points  ^/,  r,  and/".  The  center  and  pas- 
sage core  on  the  line  passing  through  the  point  /  are  made 
in  one  piece.  The  passage  cores  on  the  lines  passing  through 
d  and  e  are  made  separate  from  and  set  into  the  center  core. 
The  three  cores  ^,  //,  and  /  rest  upon  the  slab  core/,  shown 
in  Fig.  4  (r/),  but  omitted  in  the  plan  in  Fig.  4  {e).  When 
locating  the  cores,  the  center  core  i  is  first  set  into  the  slab 
corey,  as  shown  in  Fig.  4  (r/),  then  the  cores  g^  and  A  are 
set.  These,  being  joined  at/,  will  support  the  passage  core 
on  that  center  line.  Before  core  /  is  set,  the  cores  on  the 
lines  e  and  d  are  located.  The  ends  of  these  cores  are  made 
to  project  so  that  the  molder  may  either  block  up  the 
ends  or  have  a  helper  hold  them  while  setting  the  core  /. 
When  all  the  cores  have  been  properly  set,  a  flask  is  dropped 
over  them  and  sand  rammed  about  them  to  keep  them  in 
place. 

The  core  box  for  making  the  cores  ^,  A,  and  /  is  shown  in 
Fig.  4  (/)  and  (^).  In  Fig.  4  (/),  the  portions  ^  and  // 
of  the  core  box  have  been  removed,  only  the  portion  d  being 
shown  in  place.  The  joints  at  /,  /  are  left  loose  while  the 
joints  at  J,  s  are  secured  by  glue  and  screws.  The  parts  of 
the  box  ^,  ^,  and  A  are  secured  together  by  clamps  a,  r,  and  ^/, 
so  that,  after  the  core  is  completed,  the  clamps  may  be  re- 
moved and  the  different  parts  of  the  box  drawn  away  from 
about  the  core,  thus  leaving  it  standing  upon  the  core  plate. 
The  gate  shown  is  used  for  only  one  core;  x  is  separate 
from^'  and  is  drawn  out  in  the  direction  of  the  arrow,  when 
all  the  parts  of  the  box  have  been  taken  away  from  the  core. 

11.  The  core  box  for  making  the  center^  and  the  pas- 
sage core  on  the  line/.  Fig.  4  {d)  and  (^),  is  shown  in  the 
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two  views  given  at  Fig.  4  (//).  The  print  a  must  either  be 
given  sufficient  draft  to  allow  the  core  to  be  drawn  from 
over  it,  or  it  must  be  so  arranged  that  it  can  be  drawn  out  of 
the  core  through  the  back  of  the  core  box.  Another  half 
box  to  match  the  one  shown  will  be  necessary  in  order  to 
make  a  complete  core,  or  a  wide  box  may  be  made  having 
provision  for  two  projecting  arms  ^,  either  one  of  which 
can  be  stopped  off  at  will.  When  this  is  done,  it  will  also 
be  necessary  to  construct  the  core  print  a  so  that  it  can 
be  changed  from  one  side  to  the  other.  On  the  whole,  it  is 
usually  best  to  construct  the  two  half  boxes. 

The  core  box  for  the  passage  cores  on  the  lines  d  and  e  is 
not  shown,  as  it  is  very  simple  in  construction  and  similar 
to  many  that  have  already  been  described.  Its  general  form 
is  very  similar  to  the  portion  b  of  the  core  box  shown  in 
Fig.  4  (//),  only  it  will  be  necessary  to  make  the  box  longer 
so  as  to  allow  the  cores  to  project  as  shown  in  Fig.  4  (r). 

12.  Pattern  for  Plug:* — The  plug  for  the  three-way 
cock  has  only  two  openings  placed  at  an  angle  that  coincides 
with  t^e  two  passages  of  the  shell,  which  are  120°  apart. 
The  thickness  of  the  metal  in  the  plug  is  the  same  as  that  in 
the  shell.  To  make  this  casting,  a  pattern  is  used,  though 
it  can  be  made  all  together  with  cores  like  the  shell,  but 
a  pattern  in  this  case  is  probably  the  better  method.  The 
pattern  is  shown  in  the  two  views  given  in  Fig.  4  (/). 
The  pattern  is  parted  on  the  line  be  shown  in  the  upper  view. 
It  will  be  seen  that  the  core  print  r/ would  not  draw  if  fastened 
to  the  pattern.  It  should  therefore  be  located  with  loose 
pins  or  wires  that  can  be  withdrawn  during  the  process  of 
molding,  leaving  the  piece  loose  in  the  sand.  After  the  pat- 
tern is  withdrawn,  this  piece  can  be  withdrawn  also.  In 
some  cases,  a  section  of  one-half  of  the  pattern  may  be 
arranged  to  be  drawn  separately  and  at  an  angle  so  that  the 
print  can  be  attached  to  it. 

13.  Core  Box  for  the  Plug. — The  core  box  is  made 
as  shown  in  the  two  views,  Fig.  4  (/),  the  piece  a  being  put 
on  with  two  pins  and  held  in  place  by  means  of  a  screw  or 
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clamp  while  making  the  core.  After  the  core  is  complete, 
the  piece  a  is  removed  so  as  to  allow  the  finished  core  to  be 
turned  out.  If  the  upper  half  of  the  core  shown  in  the  upper 
view  Fig.  4  (/)  were  being  dried  by  itself,  the  core  maker 
would  place  a  little  green  sand  between  the  core  plate  and 
the  projecting  portion  b  so  as  to  support  it  during  drying. 
In  the  illustration,  the  lower  view  shows  one-half  of  the 
core  box,  while  the  upper  half  shows  the  entire  core  box, 
both  halves  having  been  made.  The  core  can  be  made  in 
halves  or  in  one  piece,  depending  on  the  manner  in  which 
it  is  to  be  dried. 


PATTERN    FOR    SMALL  BELL. 

14.  General  Consideration. — Molds  for  large  bells 
are  swept  up  in  loam,  but  for  small  bells  of  such  dimensions 
as  that  shown  in  Fig.  5,  patterns  are  usually  made.  This  also 
applies  to  any  similar  shape,  such  as  ladles,  kettles,  pots,  etc. 
In  some  cases,  the  patterns  are  made  for  comparatively  large 
castings,  especially  when  the  metal  of  the  casting  is  com- 
paratively thick,  as,  for  instance,  slag  pots  for  copper  and 
lead  smelters  are  usually  cast  from  patterns,  the  castings 
weighing  from  400  to  GOO  pounds,  some  of  them  being  as 
much  as  30  inches  in  diameter.  The  bell  shown  in  Fig.  5 
would  be  cast  from  bronze  or  bell  metal  and  the  nut  a  from 
brass  or  iron.  The  washer  b  might  be  cast  from  brass  or 
made  from  sheet  metal. 

1 5«  Making  Pattern  for  Bell. — The  right-hand  side 
of  the  bell,  Fig.  5,  is  shown  in  section  so  as  to  illustrate  the 
thickness  of  the  metal  and  the  method  of  laying  out  the 
pattern.  From  the  pointy  on  the  upper  corner  of  the  bell, 
to  h  at  the  edge,  a  straight  line  is  drawn  and  divided  into 
equal  spaces.  From  each  of  these  points,  perpendicular  lines 
are  drawn  and  on  each  of  these  perpendicular  lines  a  circle 
is  laid  off  that  represents  the  thickness  of  the  bell  at  the 
point  where  the  line  intersects  it.     The  distance  on  these 
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perpendicular  lines  from  the  straight  line  to  the  center  of 
the  circle  is  carefully  determined.  This  information  is  gen- 
erally furnished  on  the  drawing  for  the  bell.  The  pattern- 
maker lays  out  these  lines,  circles,  and  the  outline  of  the 
bell  to  full  size,  and  thus  determines  the  thickness  of  the 
courses  or  segments  as  shown  on  the  left-hand  side.  As 
shown,  the  first  four  courses  are  }  inch  thick  and  all  the 


others  ^  inch.  The  sizes  of  segments  and  the  number 
required  are  given  at  the  right  of  the  illustration.  The 
proper  allowance  has  been  made  for  turning  after  the  seg- 
ments are  in  place.  The  segments  marked  10  are  for  six 
courses  and  those  marked  9  for  three  courses,  each  course 
being  made  up  of  six  segments.  In  each  of  the  other 
courses,  the  segments  are  different. 
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After  the  segments  are  sawed  out,  they  should  be  stacked 
up  crosswise  and  allowed  to  dry  thoroughly  before  being 
built  up.  When  dry  the  lower  segments,  marked  i,  are 
secured  to  a  face  plate,  either  by  gluing  on  with  paper  be- 
tween the  segments  and  the  face  plate  or  by  means  of  screws. 

16,  As  the  diameter  of  the  top  of  the  bell  is  compara- 
tively small,  a  well-seasoned  solid  piece  may  be  glued  on 
the  top  of  the  segments  and  the  top  turned  from  this. 
The  spindle  e  should  be  glued  on  after  the  pattern  is  turned, 
in  a  manner  similar  to  a  core  print,  a  pin  on  the  spindle 
fitting  into  a  hole  turned  in  the  top  of  the  pattern. 

Before  gluing  on  the  solid  piece  to  form  the  top  of  the 
beliy,  it  is  advisable  to  turn  out  the  part  of  the  pattern 
on  the  inside  for  about  3  or  4  inches  and  to  turn  out  the 
solid  piece  concave.  This  turning  will  reduce  the  work 
that  must  be  done  after  the  bell  is  chucked  and  will  make 
the  finishing  much  easier. 

17.  After  all  the  segments  are  in  place  and  the  top/ 
has  been  glued  on,  the  outside  of  the  bell  is  turned  to  the 
proper  form,  the  pattern  taken  off  the  face  plate  at  d  h  and 
is  chucked  on  the  outside  at  the  small  end.  The  chucking 
is  done  by  fastening  four  pieces  of  wood  about  2^^  inches 
thick  on  the  face  plate  with  glue  or  screws,  and  turning 
them  on  the  inside  so  that  the  pattern  fits  tightly  between 
them,  or  a  thick  piece  of  plank  may  be  fastened  to  the  face 
plate  and  turned  out  so  as  to  fit  the  outside  of  the  pattern. 
Great  care  must  betaken  in  this  operation,  as  the  friction 
between  the  pattern  and  the  chuck  holds  the  pattern  while 
turning,  otherwise  the  pattern  may  fly  out  of  the  lathe. 
A  l}-inch  No.  IG  screw  may  be  used  at  the  center  through 
the  face  plate  to  secure  the  pattern  in  the  chuck,  as  the  bell 
is  slightly  tapered  for  2^  inches,  making  it  liable  to  work 
out  from  the  face  plate  if  the  screw  is  not  used. 

In  the  case  of  many  small  patterns  that  are  turned  in  this 
manner,  a  good  patternmaker  will  depend  entirely  on  the 
friction  of  a  good  fit  for  turning  the  pattern. 
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18«  A  patternmaker  sometimes  dampens  the  outside  of 
the  pattern  slightly  to  produce  a  tight  fit  by  causing  the 
pattern  to  swell  into  the  chuck.  This  is  one  of  the  tricks  of 
the  trade,  but  is  not  to  be  recommended,  as  the  wood  may 
expand  with  such  force  as  to  distort  the  pattern;  also,  if  the 
turning  takes  some  time,  the  moisture  may  dry  out  and 
loosen  the  pattern  in  the  chuck.  The  inside  of  the  bell  is 
turned  to  a  templet  while  the  pattern  is  held  in  the  chuck, 
after  which  the  spindle  is  put  in  place.  Some  prefer  to 
begin  with  the  top  of  the  bell  and  build  the  segments  on  it. 
In  this  case  the  top  is  secured  to  the  face  plate,  the  outside 
roughed  off  so  as  to  run  true,  the  inside  turned  out  and 
finished,  and  then  the  outside  finished.  This  method  saves 
chucking  and  allows  the  outside  to  be  finished  last. 

The  patterns  for  the  nut  a  and  the  washer  b  are  so  simple 
that  they  will  not  be  illustrated.  The  pattern  for  the  nut 
would  be  parted  through  the  center  line,  and  must  be  made 
with  a  long  core  print  for  supporting  the  core,  similar  to  the 
pattern  shown  in  Fig.  9,  Patternmaking^  Part  1. 


PATTERNS  AND  CORE  BOX  FOR 
CASTING  CHAIN. 

19«  A  chain  is  sometimes  cast  of  strong  bronze  for 
marine  or  other  purposes,  especially  where  iron  would  cor- 
rode excessively,  but  such  chains  are  so  costly  that  they 
will  never  be  generally  used.  One  link  and  the  connections 
to  the  two  adjacent  links  of  a  chain  are  shown  in  Fig.  G  (li). 
Each  link  passes  through  two  others,  and  hence  the  mold  for 
casting  the  entire  chain  at  once  would  be  very  complicated, 
as  would  also  the  system  of  gating.  To  overcome  this,  one- 
half  of  the  links  may  be  cast  separate  and  then  provision 
made  for  casting  the  other  links  through  these. 

20.  Patterns  for  Linkn. — In  constructing  the  link 
pattern,  wood  is  used  for  the  first  pattern,  a  double  allow- 
ance for  shrinkage  being  made.  The  pattern  need  not  be 
parted,  but  may  be  cut  from  a  solid  piece  of  wood.     The 
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allowances  for  shrinkage  should  be  one  for  aluminum  (^inch 
to  the  foot)  and  one  for  bronze  (f\  inch  to  the  foot).  In 
making  the  link,  its  form  is  first  marked  out  and  cut  to  a 
square  cross-section  inside  and  out.  Then  the  edges  are 
chamfered  to  a  45°  line  tangent  to  the  circle  of  stock  in  the 
link,  after  which  it  can  be  whittled  round. 

This  pattern  could  also  be  made  by  turning  a  ring  with 
the  radius  equal  to  the  end  of  the  link,  cutting  it  in  halves 
for  the  ends  and  then  joining  these  half  rings  by  two 
straight  cylindrical  pieces  to  form  the  sides  of  the  links,  but 
there  is  much  less  work  in  the  first  method  than  in  the 
second,  because  the  turning  and  fitting  take  more  time,  and 
then,  too,  the  pattern  made  by  the  second  method  is  not 
as  strong  as  the  one  cut  from  a  solid  piece  of  wood. 

Four  or  more  aluminum  patterns  are  now  cast  from  the 
wooden  one  and  made  smooth,  after  which  they  are  sunk 
one-half  of  their  depth  into  the  molding  board  and  a  gate 
fastened  on  the  latter.  This  simple  provision  allows  several 
links  to  be  molded  at  once.  At  times,  the  links  are  split 
and  attached  to  the  opposite  sides  of  a  card  pattern  on 
account  of  the  fact  that  one-half  of  all  the  links  of  the 
chain  must  be  cast  in  this  way  and  the  card  pattern  greatly 
facilitated  the  molding.  The  bronze  links  cast  from  the 
aluminum  patterns  have  the  gates  cut  off  and  are  partially 
finished  and  smoothed  up  before  being  cast  into  the  chain 
proper. 

21.  In  order  to  join  the  bronze  links  already  cast,  special 
dry  sand  molds  are  employed.  Fig.  7  (^)  shows  two  bronze 
links  a  and  ^,  which  have  been  placed  between  the  cores  of 
the  dry  sand  mold.  The  link  c  is  then  cast  in  such  a  position 
as  to  join  the  separate  links  a  and  b.  One  of  the  four  cores 
has  been  removed  so  as  to  show  the  arrangement  of  the 
links,  and  one  of  the  separate  cores  is  shown  at  Fig.  7  {b). 
Several  links  c  are  cast  at  one  time  by  setting  a  number  of 
cores  in  a  long  box  made  for  the  purpose,  and  having  the 
corresponding  number  of  links  in  the  positions  occupied  by 
the  links  a  and  ^,  Fig.  7  {a). 
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22.  The  L-ore  boxes  for  forming  ihi- cores  shown  in  Fig.  7 
an-  illustrated  in  Fig.  fi  {d),  (c).  and  (</).  These  core  boxes 
fihuultl  be  matle  of  hard  wood,  or,  if  ii  great  number  (if  cast- 
ings are  required,  from  metal.  When  they  are  made  from 
lal,  it  will  be  necessary  to  make  patterns  for  them  and  to 
allow  the  necessary  shrinkage  on  the  patterns.    The  construe- 

I  of  the  wooden  box  will  be  described.  The  link  portions 
are  made  of  aluminum  and  secured  to  the  wood.     It  will  be 

I  that  the  link  parts  in  the  box  must  be  accurately  located 
or  they  will  not  coincide  when  the  cores  are  placed  together. 
The  ends,  sides,  and  bottom  of  the  boxes  are  so  arranged 
thai  they  may  easily  be  removed  when  the  core  is  rammed 
Bji  and  turned  over  on  the  core  plate 


The  bottom  d,  shown  in  Fig.  0  (c)  and  {i/),  is  securei!  to 
the  sides  by  screws  or  clamps,  and  the  four  dowel- pins  shown 
in  the  sides  are  for  the  purpose  of  locating  them  each  time 
*  I'ore  is  made.  When  it  is  desired  to  remove  the  cores 
f"""™  the  boxes,  the  screws  or  clamps  are  removed  and  the 
**"lti>m  taken  off  carefully,  after  which  the  sides  are  taken 
'"^Yi  leaving  the  core  on  the  core  plate. 

The  gate  shown  doweled  on  at  a.  Fig.  0  (^),  (c),  and  (li ), 
**■<>  arranged  because  it  is  required  in  only  one-half  of  the 
^fcs,  those  intended  for  the  lower  portion  of  the  molds 
^•^a  in  Fig.  7  (<»)  requiring  no  gating. 


S:i4 
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PATTKttNS  F<IH  SI»t"H  GHAR  AND  RACK. 

Z3.     Prepnratlun  of  the  Stock  for  Pattern!*. — The 

pjiltcrns  shown  inlhe  views  in  Fig.  8  are  those  of  a  spur  gear 
and  rack  and  the  method  of  making  them  will  be  described. 
The  circular  pitch  is  IJ-  inches,  the  face  SJ  inches,  the 
rack  is  25  inches  long,  and  the  pinion  has  21  teeth,  which 
will  give  it  a  pitch  diameter  of  8.3f*7  inches. 

The  stuck  should  be  carefully  selected,  first -quality  clear 
pine.  The  segments  of  the  rim  of  the  gear  should  be  sawed 
out  and  the  lumber  dressed  ^  inch  thicker  than  the  finished 
thickness  of  the  segments,  after  which  the  pieces  should  be 
stacked  crosswise  and  allowed  to  dry  thoroughly.  After 
this,  the  stock  for  the  hubs  and  rack  is  prepared  from  the 
same  quality  of  lumber. 

24.  Rack  PaMem. — The  plate,  or  back,  a  for  the 
rack  is  about  35  inches  long,  J  inch  thick,  and  2j  inches 
wide,  and  should  be  carefully  planed  straight,  parallel,  and 
s((u:ire  with  the  edges.  To  make  the  teeth  of  the  rack, 
blocks  are  dressed  1|  in.  x  l^f  in.  X  2J  in.  long.  The 
best  way  tn  cut  these  out  Is  lu  plane  up  three  sticks  each 
Hi  inches  long,  from  which  the  required  number  of  blocks 
may  be  cut.  To  allow  for  dressing  off  the  ends  of  the 
blocks  after  they  are  fastened  to  the  plate  of  the  rack,  they 
should  be  cut  about  J  inch  longer  than  the  width  of  the 
rack.  Each  of  these  blocks  should  be  screwed  on  from  the 
back  of  the  rack  with  l^-inch  No.  10  screws,  no  glue  being 
used  at  first.  The  teeth  are  then  marked  out  on  the  blocks, 
after  whi<:h  they  are  removed  and  cut  to  the  desired  shape. 
Each  tooth  should  be  formed,  glued,  and  screwed  in  place 
before  the  next  one  is  removed,  making  it  possible  to  replace 
the  teeth  accurately. 

25.  Fatttenlnit  tbe  Teeth  on  the  Gear  and  Rack 
DodleH. — The  advantage  of  fastening  the  teeth  of  gears  iit 
the  manner  shown,  over  the  old  way  of  dovetailing,  is  that 
the  fillets  i  at  the  bases  or  roots  of  the  teeth  can  be  formed 
in  the  blocks  from  which  the  teeth  are  cut,  thus  making  the 
whole  structure  stronger.     Fillets  or  round  corners  at  the 


20  PATTERNMAKING.  §  34 

bases  of  the  teeth  are  very  desirable,  insomuch  as  they  add 
strength,  rendering  the  pattern  better  for  molding,  and  also 
removing,  in  a  large  degree,  the  effect  of  cracks  at  the  base 
of  the  teeth,  due  to  irregular  shrinkage  that  takes  place 
where  sharp  angles  are  left  in  the  casting. 

In  the  rack  pattern,  it  will  be  seen  that  there  are  no 
pieces  fitted  between  the  teeth  as  shown  at  c  on  the  pinion. 
The  object  of  this  is  to  show  the  different  methods  that 
may  be  adopted  for  making  the  gears  with  fine  or  coarse 
pitches.  The  method  employed  in  the  case  of  the  rack  is 
that  used  for  fine  pitches,  while  that  employed  in  the  gear 
is  the  method  suitable  for  coarse  pitches.  On  account  of  the 
fact  that  the  spaces  between  the  large  teeth  become  greater, 
it  becomes  necessary  to  insert  a  strip  between  them,  as 
shown,  otherwise  it  would  not  be  easy  to  work  out  the  teeth 
from  the  blocks,  which  are  carried  to  the  center  of  the  space 
like  those  in  the  rack ;  besides  this,  the  thin  parts  produced 
thereby  would  probably  curl  up  and  cause  trouble.  The 
strips  put  between  the  teeth  not  only  make  it  convenient  to 
shape  them,  but  act  as  guides  for  locating  them  again  after 
they  have  been  removed  for  shaping. 

26.  Building:  Up  tlie  Gear  Pattern. — When  the 
rack  is  completed,  and  the  blocks  for  the  teeth  and  strips 
that  go  between  them  are  prepared  for  the  pinion,  the  hub 
should  be  turned  as  represented  at  d.  Fig.  8  {b).  After 
this,  the  six  courses  or  segments  may  be  built  up.  A  wooden 
face  plate,  upon  which  to  turn  the  wheel,  is'  turned  about 
\  inch  larger  in  diameter  than  the  inside  of  the  rim  of  the 
pinion,  and,  as  both  sides  of  the  pattern  cannot  be  turned 
without  chucking,  either  of  the  faces  y^  or  I  ni  may  be 
placed  in  contact  with  the  face  plate.  The  segments  //  or  i 
of  the  web  should  be  the  first  to  be  jointed  and  laid  in  place 
upon  the  face  plate.  Before  doing  so,  six  pieces  of  paper 
about  1^  inches  wide  should  be  glued  on  the  face  plate 
where  the  joints  of  the  segments  will  come.  Then  the  ends 
of  the  segments  should  be  glued  by  putting  a  little  glue  on 
the  paper.     The  first  course  will  then  be  held  to  the  face 
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plate  by  these  six  pieces  of  paper,  and,  when  dried,  may  be 
faced  off  true  and  to  the  proper  thickness  in  the  lathe, 
ready  for  the  next  course. 

When  one  side  is  built,  the  inside  should  be  turned  and 
finished  to  dimensions,  as  shown  at  r.  Fig.  8  (^),  and  the 
web  recessed  to  fit  the  edge  of  the  fillet  on  one  of  the  hubs 
already  turned,  as  shown  at  f.  The  outside  of  the  gear 
should  also  be  roughed  off.  The  pattern  is  now  removed 
from  the  face  plate,  and  the  edges  of  the  face  plate  turned 
to  fit  the  inside  e  of  the  part  just  removed.  The  pattern 
can  be  fastened  to  the  face  plate  with  three  screws  and  the 
other  half  built  up.  After  this  side  of  the  pattern  is  com- 
pleted, the  inside  is  turned  out  and  the  outside  turned  to 
the  correct  diameter. 

27.     The  blocks  that  are  to  form  the  teeth  and  the  strips 
that  go  between  them  should  now  be  fitted  and  fastened  on, 
the  blocks  and  the  strips  being  placed  alternately  around 
the  circumference.     The  blocks  on  the  rim  are  secured  by 
screwing  them  on  from  the  inside  with  1-inch  No.  8  screws. 
The  strips  are  fastened  in  place  with  glue  and  fine  ^-inch 
wire  brads.     All  this  should  be  done  before  taking  the  pat- 
tern from  the   face  plate,   because  the  ends  of  the   blocks 
must  be  turned  off  flush  with  the  rim,  and  the  circles  on 
which  the  tooth-curve  centers  are  located,  marked  in  the 
lathe.      Before  facing  off  the  ends  of  the  blocks,  pieces  that 
will  just  fill  the  space  between  the  blocks  must  be  fitted  and 
glued  between  the  ends  to  prevent  them  from  splitting  while 
turning.     The  grain  of  the  wood  in  the  pieces  should  run  in 
the  same  direction  as  that  in  the  tooth.     These  pieces  will 
also  serve  to  support  the  points  of  the  compasses  when  laying 
out  the  curves  for  the  faces  of  the  teeth.     When  the  curves 
for  the  teeth  are  marked  out,  the  filling  pieces  placed  between 
t.he  teeth  should  be  taken  out  and  the  tooth  blocks  removed 
«ind  numbered  consecutively  on  the  inside  and  their  places  on 
the    rim    should    be   marked   with  corresponding   numbers. 
The  teeth  are  then  worked  off,   after  which  they  should  be 
glued  and  screwed  back  in  their  respective  places. 
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28.     The  hubs  may  also   be   glued   in   place   :iftcr   the 
teeth  are  completed,  but  the  core  jtrints  should  be  left  looa 


as  the  size  of  the  bore  is  frequently  changed,  malciDg  othep 
core  prints  necessary.     Sometimes  the  hubs  of  gears  are 


§  34  PATTERNMAKING.  23 

also  left  loose  for  this  same  reason.  This  enables  one  to 
introduce  larger  or  smaller  hubs  that  will  admit  of  being 
bored  to  larger  or  smaller  diameters.  In  Fig.  8  (^),  the  hubs 
are  shown  in  place  and  the  dotted  lines  at  g  indicate  the 
position  of  the  holes  for  receiving  the  pins  for  the  core 
prints,  but  the  core  prints  are  not  shown  in  place. 


MITER.  AND  BEVEL-GEAR  PATTERNS. 

29«  General  Consideration. — To  cast  a  pair  of  miter 
gears  (gears  making  an  angle  of  45°)  that  will  mesh  and  run 
together,  only  one  pattern  is  required,  while,  in  order  to 
cast  a  pair  of  other  bevel  gears,  two  patterns  are  necessary, 
because  the  angle  in  each  is  not  the  same  on  the  face  and 
they  each  contain  a  different  number  of  teeth. 

When  looking  for  a  certain  gear  pattern  among  others, 
an  experienced  patternmaker  can  generally  distinguish  the 
difference  between  a  miter  and  any  other  bevel  gear  with- 
out trying  the  angle,  but  where  there  is  only  a  small  differ- 
ence, it  is  not  easy  to  distinguish  between  them  without 
testing  their  angles  or  referring  to  the  records.  For  this 
reason,  it  is  well  to  stamp  the  word  **  miter  "  or  **45°  "  on 
all  miter-gear  patterns.  The  method  of  constructing  a 
pattern  for  either  miter  or  bevel  gears  is  the  same,  and  only 
one  example  need  be  considered. 

30«  Pattern  for  Bevel  Gear. — The  method  of  ma- 
king the  gear  pattern  shown  in  Fig.  9  (a)  and  {fi)  is  not  a 
general  one,  differing  from  common  practice  in  the  way  in 
which  the  teeth  are  fastened.  The  teeth  are  usually  dove- 
tailed into  the  rim,  as  shown  at  b^  Fig.  9  {a),  the  dovetail 
being  made  with  a  slight  taper  so  that  the  teeth  can  readily 
be  driven  out  and  replaced.  Another  method  sometimes 
employed  consists  of  gluing  the  blocks  for  the  teeth  on  the  rim 
without  dovetailing  them  and  then  shaping  them  while  in 
place.  The  rim  of  the  wheel  in  both  instances  is  turned  to 
the  correct  diameter  at  the  root  of  the  teeth.  In  the 
method  shown  at  a.  Fig.  9  {a),  it  will  be  seen  that  the  rim 
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is  turned  under  the  size  and  then  the  blocks  for  the  teeth 
are  formed  so  as  to  make  up  the  difference. 

The  first  of  these  three  methods  has  many  points  to  com- 
mend it,  as  it  allows  the  blocks  to  be  removed  for  dressing 
the  teeth  separately.  It  does  not,  however,  permit  the 
fillet  to  be  worked  out  at  the  bottom  of  the  tooth.  The 
second  method  is  not  good,  because  if  the  fillet  is  made 
at  the  root  of  the  tooth,  the  feather  edge  thus  formed  is 
liable  to  curl  up.  Another  bad  feature  of  this  second 
method  is  that  all  the  teeth  must  be  dressed  off  in  place, 
which  is  not  so  easy  to  do  as  when  the  blocks  are  removed 
or  when  every  second  one  is  removed.  The  method  shown 
at  a  has  the  advantage  of  having  a  fillet  at  the  root  of  the 
tooth  without  the  feather  edge,  and  of  permitting  every 
other  block  to  be  removed  for  the  purpose  of  shaping  the 
teeth.  It  will  also  be  seen  that  all  the  joints  of  the  seg- 
ments forming  the  ring  arc  covered  between  the  teeth, 
which  is  a  desirable  feature. 

31  •  To  make  a  pattern  of  this  type,  a  full-sized  section 
of  the  rim  must  first  be  drawn  as  shown  at  g^  Fig.  9  (^),  in 
order  to  lay  out  the  width,  thickness,  and  diameter  of  the 
courses  of  segments.  In  the  pattern  illustrated,  six  seg- 
ments are  used. 

The  profiles  of  the  outer  and  inner  ends  of  the  teeth  that 
are  shown  at  c  are  drawn  in  the  same  way  as  the  teeth  for 
two  spur  gears  whose  radii  are  xy  and  x y\  with  pitches  cor- 
responding to  the  inner  and  outer  ends  of  the  tooth.  It  is 
seldom  that  the  two  circles  j  and  y'  can  be  spaced  without 
a  remainder,  but  this  fact  is  of  no  account  as  they  are  only 
.auxiliary  circles  that  are  used  for  convenience  in  laying  out. 
In  building  up  the  rim,  a  wooden  face  plate  A,  Fig.  9  (r),  is 
employed.  This  is  screwed  to  an  iron  face  plate  i  and  the 
segments  are  glued  to  the  wooden  face  plate,  the  course 
marked  1  being  glued  on  first  with  a  piece  of  paper  under 
each  joint. 

The  course  of  segments  2  is  next  glued  on  the  course  1  and 
faced  off,  and  the  succeeding  ones  added  until  all  are  in 
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place.  The  rim  is  then  turned  inside  and  roughed  off  on 
the  outside.  Before  removing  the  pattern  from  the  face 
plate,  the  four  arms  should  be  let  in  and  glued  to  the  rim,  as 
shown  at  d^  Fig.  9  (tf),  the  arms  having  previously  been 
half  checked  together  and  formed  to  the  required  shape. 
The  hub  is  turned  on  a  screw  chuck  and  left  a  little  larger 
than  the  required  size.  It  is  then  glued  to  the  arms,  and, 
when  the  glue  is  thoroughly  dry,  the  arms  are  faced  off  and 
the  hub  finished  so  that  it  will  run  exactly  concentric  with 
the  rim,  thus  enabling  the  patternmaker  to  chuck  the  pat- 
tern by  means  of  the  hub.  The  wooden  face  plate  //, 
Fig.  9  (r),  used  in  turning  up  the  outside  and  inside  of  the 
pattern,  is  made  smaller  than  the  diameter  of  the  gear  at 
the  small  end,  so  as  to  allow  the  outside  of  the  gear  to  be 
roughed  off  during  the  first  operation. 

32.  After  the  pattern  is  removed  from  the  face  plate,  a 
larger  wooden  face  plate  is  provided,  having  a  piece  at  the 
center  so  as  to  allow  a  greater  thickness  of  stock  to  receive 
the  hub.  The  center  part  of  the  face  plate  is  turned  to 
receive  the  hub  /,  Fig.  9  (^),  and  the  corner  of  the  pattern  j 
is  allowed  to  rest  against  the  face  plate  so  as  to  act  as  a 
support  and  prevent  the  pattern  from  trembling  while  turn- 
ing the  outside  of  the  teeth.  After  the  pattern  is  chucked, 
the  face  k  and  the  outside  are  turned  to  the  required  dimen- 
sions, ready  to  receive  the  teeth.  The  hub  and  the  core 
print  may  also  be  added  and  turned. 

33.  Fastening:  and  Forming:  tlie  Teetli. — In  get- 
ting out  the  blocks  for  the  teeth,  they  should  be  made  about 
^  inch  longer  than  those  shown  at  e  in  order  that  the  ends 
may  be  turned  off.  The  rim  having  been  turned,  it  is 
spaced  off  on  the  face  for  the  teeth,  the  lines  being  drawn 
toward  z  by  the  use  of  a  center  square.  The  blocks  for  the 
teeth  are  fitted  on  the  rim,  as  shown  at  /",  Fig.  9  (ci).  All 
the  blocks  are  glued  together  above  the  root  of  the  finished 
tooth,  on  the  sides,  near  the  outer  ends,  but  only  every 
alternate  one  is  glued  to  the  rim.  They  are  thus  secured 
for  turning.     Particular  care  must  be  taken  when  gluing. 
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not  to  allow  any  glue  to  get  on  the  sides  of  the  blocks  near 
the  rim,  as  at  a^  Fig.  9  (a:),  or  below  the  bottom  of  the  fin- 
ished tooth,  and  only  freshly  made,  thin  glue  should  be  used. 

When  the  glue  is  thoroughly  dry,  the  ends  and  faces  of 
the  blocks  may  be  turned.  To  make  a  good  surface  for 
marking  the  teeth,  a  light  coat  of  yellow  varnish  should  be 
given  to  the  blocks  and  when  dry  they  should  be  sand- 
papered. The  pitch  circle  /  and  the  circles  m  and  n  for  the 
centers  of  the  arcs  forming  the  tooth  curves  are  drawn  on 
both  ends  of  the  gear,  after  which  the  profiles  of  the  teeth 
are  laid  off  on  the  inside  and  outside. 

After  this  laying  out  is  done,  the  joints  of  the  blocks  are 
sawed  down  all  around  to  the  bottom  of  the  glue,  relieving 
them  and  allowing  every  alternate  one  to  be  removed,  thus 
rendering  the  paring  of  the  teeth  much  easier  than  if  all 
were  glued  onto  the  rim.  When  removing  the  blocks  for 
paring,  they  should  be  numbered  so  that  they  can  be  properly 
replaced.  After  all  the  teeth  are  completed,  those  that  have 
been  removed  are  replaced  and  glued  to  the  rim.  The  fillets 
at  the  bottoms  of  the  teeth  are  formed  from  the  blocks 
from  which  the  teeth  are  formed.  In  the  case  of  gears  of 
large  pitch,  it  may  be  necessary  to  introduce  strips  of  wood 
between  the  teeth,  as  in  the  case  of  the  gear  illustrated  in 
Fig.  8.  The  ribs  /  are  fitted  in  place  after  the  turning  is 
complete,  because,  if  they  were  introduced  before  the  chuck- 
ing, they  would  interfere  with  the  chuck. 


'WORM  AND  WORM-GBAR  PATTERNS. 


^VORM  PATTERN. 

34.  Preparation  of  the  Stock. — If  it  is  required  to 
make  a  pattern  for  a  worm  4  inches  in  diameter  with  a 
single  right-hand  thread  having  1 J  inches  pitch,  the  following 
course  may  be  pursued.  First,  turn  the  pattern,  which 
should  be  in  halves,  to  the  required  diameter  and  length,  as 
shown  in  Fig.   10  {a).     The  core  prints  a  and  b  may  be 
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turned  on  the  pattern,  as  shown,  or  they  may  be  turned 
afterwards  and  attached  to  the  pattern.  When  turning 
such  a  pattern  as  this,  it  is  best  to  have  metallic  plates 
attached  to  the  ends  and  to  use  conical  centers.  This  will 
enable  the  work  to  be  returned  to  the  lathe  after  the  threads 
are  cut,  so  that  the  threads  may  be  sandpapered  while  the 
lathe  is  revolving  at  a  stow  speed.  A  much  better  job  of 
sandpapering  than  could  otherwise  be  done  is  thus  insured. 
35.  Laying  Out  the  Thread. — After  turning  the 
pattern,  a  piece  of  paper  should  be  wrapped  around  it  and 


Fir.,  10. 

cut  to  the  exact  length  of  the  circumference  and  also  the 
length  of  the  pattern.  The  paper  shmikl  then  he  laid  oflf  as 
shown  in  Fig.  10  {//).     The  points  /,  3,  H  and  2,  J,,  (!  are  laid 
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off  on  the  edges  of  the  paper  If  inches  apart  and  the  full 
lines  drawn  connecting  them,  as  shown.  These  lines  repre- 
sent the  center  line  of  the  thread.  After  the  lines  are  drawn, 
the  paper  is  wrapped  around  the  pattern  again,  when  it  will 
be  found  that  point  1  will  meet  point  ^,  point  3  will  meet 
point  4,  and  point  5  will  meet  point  6^  thus  making  one  con- 
tinuous line  when  wrapped  on  the  pattern.  The  paper  is 
finally  glued  on  to  the  pattern,  but,  before  this  is  done,  other 
lines  should  be  drawn  parallel  to  these,  representing  the 
thickness  of  the  thread  or  the  lines  upon  which  it  is  desired 
to  saw  down  for  the  sides  of  the  thread. 

36.  In  laying  out  the  lines,  care  must  be  taken  not  to 
run  the  thread  in  the  wrong  direction,  making  a  right-hand 
instead  of  a  left-hand  or  a  left-hand  instead  of  a  right-hand 
thread.  This  mistake  is  very  easily  made.  If  the  thread  is 
to  be  a  right-hand,  the  lines  should  run  up  toward  the  right 
hand,  as  seen  in  Fig.  10  (^),  and  if  it  is  to  be  a  left-hand 
thread,  they  should  run  up  toward  the  left. 

37«  When  a  double  thread  is  required,  instead  of  start- 
ing to  draw  the  lines  from  point  2  to  the  corner,  point  1  to 
point  4,  point  3  to  point  6,  etc.,  they  should  be  drawn  as 
indicated  by  the  broken  lines,  so  that  each  line  advances  two 
divisions  instead  of  one.  By  following  out  this  system,  any 
number  of  threads  can  be  drawn.  If  the  lines  advance  three 
points,  a  triple  thread  would  be  formed;  if  they  advance 
four  points,  a  quadruple  thread,  and  soon,  until  the  number 
of  threads  and  the  angle  are  so  great  that  it  is  called  a  spiral 
gear  in  place  of  a  worm. 

38.     If  the  entire  surface  of  the  paper  were  covered  with 
glue,  the  moisture  of  the  glue  would  stretch  it  so  that  the 
ends,    instead   of   meeting,    would   overlap.       This   can  be 
avoided  by  simply  placing  a  little  glue  along  the  ends  and  a- 
spot  here  and  there  on  the  inside  of  the  paper,  and  not  cov- 
ering the  entire  surface  with  glue.     After  this  is  done,  th^ 
paper  should  be  laid  down  and  the  pattern  rolled  over  it, 
when  the  paper  will  adhere  to  the  pattern  and  take  its  propeC 
position. 
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39.  Forming:  tlie  Thread. — The  cutting  of  the  thread 
may  be  done  with  a  back  saw,  but,  before  beginning  the 
work,  two  pieces  of  hard  wood  about  ^  inch  thick  should  be 
fastened  to  the  sides  of  the  saw  to  act  as  guides  and  to  pre- 
vent the  saw  from  cutting  beyond  the  desired  depth.  With 
the  saw  thus  prepared,  two  spiral  lines  may  be  sawed  about, 
the  worm  and  the  space  between  removed  with  a  chisel, 
after  which  the  form  of  the  thread  can  be  finished  out  to  a 
templet,  as  shown  in  Fig.  10  (^).  The  form  and  angle  of 
this  templet  will  depend  on  the  kind  of  thread  to  be  cut. 

Some  patternmakers  have  two  small  holes  drilled  through 

their  back  saw  to  enable  them  to  fasten  wooden  guides  upon 

it,  while  others  allow  the  guides  to  project  beyond  the  ends 

of  the  saw  to  secure  them  together  by  means  of  screws. 

After  the  thread  has  been  formed  to  the  desired  shape,  the 

pattern  may  again  be  placed  in  the  lathe  and  sandpapered. 

A  worm,  especially  long  worms,  may  be  roughed  out  on  a 

circular  saw.     The  worm  is  turned  to  the  desired  diameter, 

the  spiral  laid  out  upon  it,  and  one  or  two  turns  worked 

out  ^  or  ;J-  of  an  inch  deep  at  one  end,  so  as  to  form  a 

guide.     A  wooden  box  or  guide  is  so  placed  on  the  saw  table 

that  the  saw  will  enter  the  groove  parallel  to  the  thread  of 

the  worm.     A  small  pin  one  turn  in  advance  of  the  saw 

blade  engages  the  groove  which  has  been  worked  out  by 

hand.     The  operator  rotates  the  worm  against  the  guide 

by  harid,  and  the  small  pin  feeds  it  along  the  guide.     The 

saw  cuts  a  groove  which  is  a  continuation  of  the  groove 

worked  out  by  hand,  and  after  the  guide  pin  has  passed  the 

portion  worked  out  by  hand,  it  engages  the  portion  cut  by 

the  saw,  and  the  work  becomes  continuous.     A  groove  yV  to 

\  inch  deep  is  sawed  down  on  each  side  of  the  thread  the 

entire  length  of  the  worm.     The  saw  is  then  moved  over 

and  the  table  lowered  slightly  so  that  another  cut  can  be 

baleen  next  to  the  one  previously  made.     The  guide  pin  must 

^  readjusted  each  time  so  that  the  saw  will  rou^h  out  the 

^^^k  almost  to  the  face  of  the  thread.      By  repeating  this 

operation,  practically  all  the  material  in  the  groove  can  be 

^wed  out  in  a  very  short  time. 


30  PATTERNMAKING.  §  34 

PATTERN  FOR  ^VORM-GBAR. 

40.  Requirements   and    Form   of  Tootb.  —  If  a 

worm-gear  is  to  mesh  with  the  worm  described  in  Arts.  34 
to  39,  the  wheel  being  21i  inches  in  diameter,  If  inches 
pitch,  and  having  39  involute  teeth,  the  work  may  be  done 
as  here  described.  Involute  teeth  may  be  laid  out  by  the 
Willis  odontograph,  as  described  later.  Many  patternma- 
kers shape  the  thread  of  a  worm  the  same  as  that  of  the  tooth 
of  the  gear  in  which  it  is  to  work,  but  in  this  case  the  sides 
of  the  thread  have  the  form  of  involute  teeth  and  should  be 
straight  and  at  an  angle  of  75°  with  the  axis  of  the  worm. 
This  is  the  correct  form  for  the  involute  rack  tooth  and  the 
worm  is  similar  to  the  rack  in  this  case. 

41.  Building:   Up  tlie   Body  of  ttie   Pattern. — A 

section  of  a  worm-gear  pattern  is  shown  in  Fig.  10  (d), 
the  pattern  being  parted  on  the  line  a  b.  In  turning  the 
pattern,  the  face  plate  should  be  the  same  diameter  as  the 
rim  so  as  to  allow  the  ends  of  the  teeth  to  be  turned  off. 
Each  half  of  the  pattern  should  be  built  up  separately  with 
the  parting  joint  of  the  pattern  against  the  face  plate.  The 
outside  of  both  halves  of  the  pattern  should  be  roughed  off 
and  the  inside  faces  of  the  arms  finished  carefully,  care 
being  taken  to  turn  the  inside  of  both  halves  to  the  same 
diameter  so  as  to  make  the  chucking  easier.  When  this  is 
done,  the  rings  are  chucked  by  the  inside  of  the  rim  so  that 
the  parting  face  of  the  pattern  is  on  the  outside.  If  the 
arms  have  already  been  placed  in  the  pattern,  this  chucking 
may  be  accomplished  by  means  of  segments  nailed  or  glued 
to  the  face  plate,  and  so  placed  that  they  will  fit  between  the 
arms.  The  outside  of  these  segments  is  then  turned  so  that 
the  pattern  will  just  fit  over  them.  The  outside  of  the  rim 
should  then  be  finished  to  the  required  size  and  blocks  for 
the  teeth  fitted  upon  the  periphery. 

42.  Fastening  and  Facing  tiie  Teeth. — The  blocks 
for  the  teeth  should  be  fitted  and  glued  on  with  the  grain 
of  the  wood  running  at  the  same  angle  as  the  teeth  at  the 
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pitch  line,  the  width  of  each  block  being  equal  to  the  pitch. 
The  angle  of  the  teeth  is  laid  out  as  shown  in  Fig.  10  {/), 
in  which  a  b  represents  the  circumference  of  the  worm  on 
the  pitch  line  and  ac  the  pitch,  while  the  angle  a  be  will  rep- 
resent the  angle  of  the  teeth  at  the  pitch  line.  The  three 
blocks  at  I,  Fig.  10  (^),  are  shown  fastened  on  at  the  proper 
angle.  These  blocks  are  fastened  on  before  taking  the  first 
half  of  the  pattern  from  the  lathe  and  they  should  be  faced 
off  true  with  the  parting  line  of  the  pattern.  The  groove 
shown  at  //,  Fig.  10  {d),  may  also  be  turned  at  this  time. 

After  the  first  half  of  the  pattern  has  been  turned  and 
removed,  the  second  half  is  chucked  and  turned  and  the 
blocks  for  the  teeth  fitted  on,  care  being  taken  to  so  place 
the  blocks  that  they  will  come  in  line  with  those  on  the  first 
half  when  the  arms  of  the  pattern  are  in  their  proper  posi- 
tion. A  projection  should  also  be  turned  upon  the  pattern 
to  fit  the  groove  //,  Fig.  ]0  (d),  and  this  groove  and  pro- 
jection will  serve  to  locate  the  two  halves  of  the  pattern 
concentric  with  each  other  when  they  are  brought  together. 

The  two  halves  should  now  be  put  together  before  the 
second  half  is  removed  from  the  lathe,  the  second  half 
being  secured  to  the  first  half  by  means  of  screws  or  clamps. 
The  blocks  for  the  teeth  should  be  turned  off  on  the  ends 
and  finished  to  the  proper  form,  as  shown  at  j\  Fig.  10  {d). 
To  provide  a  good  surface  for  laying  out  the  teeth,  the 
blocks  should  be  varnished  yellow  and  sandpapered. 

43*     Laying:    Out    and    Forming:    ttie    Teetli.  —  In 

Fig.  10  {c)  a  series  of  teeth  is  shown  from  c  to  d  with  one- 
half  of  the  gear  pattern  removed  so  that  the  section  of  the 
teeth  on  the  center  line  and  their  contact  with  the  worm 
may  be  more  clearly  illustrated.  The  projection  of  the  por- 
tion of  the  teeth  that  extends  beyond  the  center  line  is  not 
drawn  in.  In  the  portion  of  the  figure  from  e  to  f,  three 
teeth  are  shown,  illustrating  an  end  view  of  them.  Owing 
to  the  fact  that  the  teeth  on  the  outside  edge  of  the  worm- 
wheel  have  a  greater  pitch  diameter  than  those  in  the 
throat,  they  will  have  a  greater  chord  pitch,  and  hence  if 
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the  teeth  are  formed  of  the  same  cross-section  clear  across 
the  face  of  the  worm-wheel,   the  worm  will  not  fit  them 
perfectly.     The  longer  the  portion  of  the  worm  which  en- 
gages the  worm-wheel,  the  greater  the  error  which  can  be 
produced  from  this  cause.     To  remedy  this,  the  outer  ends 
of  the  teeth  should  be  cut  thinner  than  the  theoretic  thick- 
ness.    In  order  to  determine  the  amount  to  be  pared  off 
from  the  outer  ends  of  the  teeth,  it  should  first  be  deter- 
mined how  many  of  the  teeth  of  the  worm-wheel  are  in 
contact  with  the  worm  at  one  time,  and  a  pair  of  dividers 
should  be  set  to  this  contact  distance.     This  distance  can 
then  be  compared  with  the  thickness  of  the  teeth  at  the 
outside  edge,  when  it  will  be  found  that  the  dividers  are  set 
to  a  considerably  smaller  dimension  than  the  over-all  dimen- 
sion of  the  corresponding  number  of  teeth.     One-half  of  the 
difference  between  the  divider  setting  and  the  over-all  dis- 
tance of  the  teeth  at  the  outside  of  the  worm-wheel  should 
be  pared  off  from  each  side  of  the  teeth  at  the  outer  edge, 
and  this  amount  should  taper  to  nothing  at  the  center.     In 
laying  out  the  amount  to  be  removed,  measurements  may 
be  taken  at  two  or  three  points  along  the  teeth.     This  error 
is    very  much    more  noticeable   in  worms   having   a   long 
contact. 

44.  In  the  form  of  teeth  shown,  the  tooth  curves  may 
be  struck  in  with  a  compass,  providing  the  proper  center 
has  been  ascertained.  This  is  done  by  means  of  the  odon- 
tograph,  which  is  shown  at  k^  Fig.  10  (r).  The  odontograph 
is  shown  more  plainly  at  a.  Fig.  11.  The  instrument 
consists  of  a  75°  angle  divided  off  into  :J-inch  spaces  on 
one  side  for  4  inches  in  length,  the  :J-inch  spaces  being 
subdivided.  When  in  use,  the  zero  point  of  the  instru- 
ment is  placed  at  a  point  on  the  pitch  line  that  corresponds 
with  an  intersection  of  the  face  of  one  of  the  teeth  with  the 
pitch  line,  and  the  plain  side  c d  o{  the  instrument  is  placed 
on  a  radial  line,  as  indicated  in  Fig.  11.  A  distance  corre- 
sponding to  the  radius  of  the  gear  is  then  read  off  on  the 
graduated  side  of  the  instrument,  the  quarter-inch  spaces 
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E  read  as  inches.  This  will  locate  a  point  from  which 
;oolh  curve  can  be  struck.  In  the  case  of  the  wheel 
r  consideration,  the  dinmeter  is  21|  inches  and  the 
IS  tOJ  inches.  This  is  so  near  II  inches  that,  for  prac- 
purposes,  11  inches  could  be  read  off  on  the  odonto- 
h  and  the  point  placed  for  the  center  of  the  tooth  curve. 


I  method  is  continued  around  the  entire  gear.  The 
leler  of  the  circles  containing  the  centers  of  the  circles 
ting  the  tooth  curves  are  usually  furnished  by  the 
Hng  room  and  placed  upon  the  drawing.  When  this  is 
iJone,  the  odontograph  may  be  used. 

B.  To  insure  the  proper  angle  on  the  face  of  the  tooth, 
center  of  one  of  the  blocks  on  each  side  may  be  located 
he  pitch  line  and  the  spacing  on  the  two  sides  continued 
B  this.  If  the  blocks  have  been  placed  at  the  proper 
k,  this  will  insure  the  teeth  being  at  the  proper  angle. 
1  also  well  to  take  the  pattern  apart  and  lay  off  the  tooth 
fes  at  the  center  on  one-half  of  the  gear.     This  half  is 
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then  trimmed  to  the  proper  form  and  placed  in  contact  with 
the  other  half,  after  which  the  remaining  portion  of  the 
teeth  can  be  shaped. 

46.  Strenstbenins  tbe  Pattern  Arms. — Since  the 
arms  of  the  pattern  are  made  in  halves,  they  are  thin,  and 
therefore  weak.  In  order  to  give  them  the  greatest  pos- 
sible amount  of  strength,  the  joints  at  the  center  should  be 
tongued  and  the  hub  on  each  side  glued  and  screwed  to  the 
arms,  which  will,  in  most  cases,  give  the  requisite  amount 
of  strength.  Only  one  dowel-pin  will  be  necessary  to  insure 
the  halves  of  the  pattern  going  into  their  correct  positions, 
as  the  annular  groove  and  tongue  shown  at  //,  Fig.  10  (rf), 
will  center  them,  and  all  that  is  necessary  is  to  bring  the 
teeth  into  the  correct  relationship  on  both  halves. 


FLrYWHEELS  WITH  HOLLOW  ARMS. 

47.  Advantages  of  tbe  Different  Designs  of  Fly- 
inrbeels. — Many  persons  contend  that  flywheels  whose  rims 
are  made  in  8  or  10  sections  would  be  just  as  strong  if  cast 
in  halves.  When  the  rim  is  made  in  a  number  of  sections, 
the  arms  and  hub  are  made  separate  and  the  parts  bolted 
together;  while,  when  the  wheel  is  cast  in  halves,  the  arms 
and  rim  are  usually  cast  together.  It  is  certainly  cheaper 
to  cast  wheels  in  halves  than  in  a  large  number  of  segments. 
The  matter  of  first  cost,  however,  should  always  be  made 
secondary  to  that  of  durability  and  strength,  on  account  of 
the  fact  that  a  bursting  flywheel  is  liable  to  cause  great 
damage. 

48.  The  method  of  making  the  wheel  in  sections  pos- 
sesses certain  advantages,  among  which  may  be  named  the 
fact  that  it  is  more  easily  handled  in  the  shop  and  is  not 
subject  to  as  great  strain  from  shrinkage  as  one  made  in 
halves.  On  the  other  hand,  when  the  wheel  is  made  in  sec- 
tions, there  is  danger  of  the  loosening  of  the  bolts  and  joints, 
and  a  wheel  built  in  sections  is  generally  more  difficult  to 
balance  than  one  cast  in  halves.     Flywheels  with  solid  arms 
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are  often  cast  in  halves,  especially  when  of  comparatively 
small  diameter.  The  flywheel  described  in  the  following 
articles  and  illustrated  in  Fig.  12  is  20  feet  in  diameter  with 


a  50-inch  face,  and  weighs  about  23  tons.  It  was  success- 
fully cast  in  the  kind  of  mold  described  and  has  been  run- 
ning for  several  years.  Ordinarily,  such  a  large  wheel 
would  have  lieen  cast  in  sections. 

49.  Streneth  of  Arms. — The  necessity  of  making  a 
flywheel  strong  enough  to  withstand  the  shrinkage  strains 
of  cast  iron  while  cooling  is  sometimes  overlooked.  The 
cross-section  at  the  small  part  of  the  arm  may  be  made 
'^'■ge  enough  to  withstand  all  working  strains,  but  not 
strong  enough  to  withstand  the  strains  due  to  cooling.  For 
|nis  reason,  most  flywheels  that  give  out  crack  while  cool- 
"^K    in  the  foundry.     This  cracking  is  usually  due  to  an 
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insLifficiciit  nraount  of  metal  in  the  arms,  compared  with  the 
other  parts,  thus  causing  the  arms  to  cool  too  quickly.  The 
molder  often  prevents  this  by  uncovering  the  heavy  parts 
of  the  casting  first,  especially  the  hub,  thus  allowing  the 
whole  casting  to  cool  simultaneously,  or  nearly  so.  The 
shrinkage  strains,  however,  may  be  so  great,  owing  to 
ill  proportioning,  that,  with  all  the  precautions  a  molder 
can  take,  the  wheel  will  break,  and  hence  the  draftsman 
should  always  consider  the  shrinkage  strains  when  design- 
ing the  flywheel  arms,  and  the  pjitternmaker  should  have 
sufficient  knowledge  of  molding  so  that  he  will  be  able  to 
judge  as  to  the  results  that  will  occur  when  making  any 
given  casting  and  will  also  be  able  to  help  the  draftsman  in 
correcting  any  faulty  designs. 


Il^il 


SO.     General    Conoid*:  rat  Inn    of   Flywheel    M""'* 

The  flywheel  shown  in  Fig.  U  may  be  muldc-d  as  sh..wi>  '" 
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Fig.  13,  the  greater  part  of  the  mold  being  composed  of  dry- 
sand  cores.  The  portion  of  the  mold  for  the  arms  is  formed 
by  the  outside  cores  shown  at  a.  Fig.  13  (a)  and  {/').  The 
cores  to  form  the  inside  of  the  arms  are  shown  at  b.  The 
space  (■  between  the  cores <i  and  the  rim  of  the  wheel  (/is  filled 
with  green  sand,  which  is  rammed  against  a  part  pattern,  as 
shown.  The  outside  of  the  mold  is  composed  of  curved 
cures  (',  Fig.  13  [1));  the  portion  of  the  mold  for  the  hub  is 
formed  by  the  cores _/" and  ^,  while  the  opening  through  the 
hub  is  made  by  the  cores  h  and  /. 

51.  AppllancttH    for    Making  Coreit  for  the  Out- 
attic  of  the  Aniis.^A  core  box  for  the  outside  of  the  arms 

;  sliown  in  Fig.  14  («)  and  is  fitted  with  interchangeable 
pieces  a  in  the  end  of  iJie  box.  These  inierchangeabit 
pieces  are  for 
forming  the  hub, 
or  rather  for  form- 
the  space  fur 
the  hub  cores.  In 
Fig.  l-l(i)  is  shown 
a  plan  of  the  hub 
cores,  and  three 
sections   must    be 

nadc     to     corre- 

.pond  with  those 
numbered  1,  2, 
and  3.  These 
three  sections  are 
used  at  a.  Fig.  14  {a),  in  forming  the  arm  cores.  By  refer- 
ence to  Fig.  13  {b),  it  will  be  seen  that  the  cores  b  are  sup- 
ported at  their  outer  end  upon  the  cores  y  and  k,  and  also 
by  chaplets  in.  In  order  to  provide  for  the  cores  _/'  and  k, 
core  box  shown  in  Fig.  14  (a)  must  be  provided  with 
core  prints  b.  These  are  also  shown  in  the  partial  sections 
of  the  core  box.  Fig.  14  (0  ^n-M"'). 

52.  Core  Box  for  Inside  Arm  Cores. — A  core  box 
for  making  the  cores  b.  Fig.  13  (a)  and  (A),  is  shown  in  the 
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three  views.  Pig,  14  (e),  (/),  and  (^),  It  will  be  noticed 
that  the  pieces  a  and  &  are  fastened  into  these  core  boxes 
to  form  openings  for  the  stays  or  webs  o  and  n,  as  in 
Fig.  13  (a);  core  prints  c  are  provided  to  receive  the  ends 
of  the  cores  _;'  and  i.  Fig.  13  (i).  In  the  case  of  the  cores 
for  both  the  inside  and  the  outside  of  the  arms,  only  half 
core  boxes  are  necessary. 

53.  Core  Box  for  the  Outside  of  tbe  Rim. — The 

core  box  for  making  the  core  f.  Fig.  13  (^),  for  the  outside 
of  the  rim  is  shown  in  Fig.  15.  The  box  is  very  simple  in 
construction,  being  composed  of  a  simple  rectangular  box 
having  perpendicular  ends  a  and  b  and  inclined  sides  £  and  d. 
The  face  c  of  the  box  is  open,  so  that  the  core  can  readily  be 
removed  in  this  direction.  The  upper  faces  of  the  ends  a 
and  i>  are  shaped  to  the  same  curve  as  the  ends  of  the  core  f. 
Fig.  13  {/>).  There  are  also  two 
ribs  /  and  ^,  which  are  placed 
across  the  box  at  a  sufficient  dis- 
I  tance  apart  to  form  the  inside  of 
the  core.  It  will  be  noticed  by 
reference  to  Fig.  13  (6)  that  the 
cores  are  longer  than  the  width  of 
the  rim,  and  the  distance  from  out- 
^"''  ""  side  to  outside  on  the  ribs  /  and  / 

is  equal  to  the  width  of  the  rim,  a  proper  allowance  for 
shrinkage  having  been  made.  Instead  of  making  the  entire 
upper  surface  of  the  core  box  and  ramming  the  core  be- 
tween it  and  the  back  plate  on  the  ribs  y  and  ^,  the  sand 
between  them  is  swept  out  by  means  of  the  strickle  A,  which 
runs  on  the  ribs/and  ^.  The  core  is  all  rammed  from  the 
upper  or  inner  face,  the  central  portion  swept  out  with  a. 
strickle  and  then  the  core  box  lifted  off,  thus  leaving  tl^e 
finished  core  on  the  core  plate  ready  for  drying. 

54.  Core  Box«h  for  the  Hub. — The  cores  i  and  ^fc» 
Fig.  13  {6),  are  made  in  ordinary  circular  core  boxes  cz^r 
swept  up  upon  iron  arbors,  and  hence  no  description  of  tl"** 
core  boxes  need  be  given.     The  cores  /  and  ^  are  made   i"^ 
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halves  in  the  box  shown  in  two  views  in  Fig.  13  (c).  The 
cores  for  making  the  bolt  holes/,  Fig.  13  (^),  are  supported 
in  the  recesses  left  by  the  core  prints  rt,  Fig.  13  (c).  These 
bolt  cores  are  made  larger  in  the  center  so  as  to  chamber 
out  a  portion  of  the  hole  and  thus  reduce  the  work  necessary 
in  drilling  and  reaming  the  holes  and  fitting  the  bolts. 
Making  the  cores/* and  g  in  halves  greatly  facilitates  the 
placing  of  the  cores  for  the  bolts/,  Fig.  13  (d), 

55.  Green  Sand  Work  In  Connection  With  the 
Mold. — The  mass  of  green  sand  seen  between  the  rim  and 
cores  a  is  rammed  against  the  part  pattern  shown  in  place 
at  ^,  Fig.  13  {a)y  and  also  shown  in  section  at  Fig.  13  (d). 
The  inside  rib  a  is  not  built  up  with  the  segment  or  part 
pattern,  but  is  separate  and  screwed  on  after  working  off 
the  inside  of  the  segment,  this  being  a  much  easier  way 
than  building  the  rib  in  the  pattern.  The  two  ribs  b  and  c 
are  also  made  separate  and  screwed  on  the  segment  after  the 
body  is  completed. 

The  segmental  pattern  is  made  wider  than  the  face  of  the 
wheel  required,  in  order  to  make  allowance  for  the  ends  of 
the  core,  as  shown  at  r.  Fig.  13  (d).  The  segmental  pat- 
tern is  held  in  place  by  two  wooden  arms  s,  Fig.  13  (rt),  and 
the  lower  portion  of  it  is  braced  by  suitable  braces  /, 
Fig.  13  (d).  At'the  center  of  the  mold,  the  arms  s  are  at- 
tached to  a  center  pin  u,  as  shown  in  detail,  Fig.  13  {e), 

56.  The   segmental    pattern    is   represented   with   the 

lug  V  for  bolting  the  wheel  together  upon  it.     This  lug 

is  removed   when   ramming    up    the    space   between    any 

two  arms  whose  centers  do  not  come  on  the  joint  line  of  the 

wheel.      After   the   green  sand    portions  c  have   all   been 

rammed  up,  the  cores  r.  Fig.  13  {b),  are  placed  in  position. 

The  mold,  if  above  the  floor  of  the  foundry,  is  surrounded 

with  a  ring  of  boiler  iron,  and  green  sand  is  rammed  in  back 

of    the  cores  c.     In  some  cases,  the  mold  is  built  in  the 

foundry  floor  and  sand  is  simply  rammed  back  of  the  cores  e 

so  as  to  fill  the  remainder  of  the  pit.     This  wheel  could  also 

^  made  by  building  up  the  outside  portion  with  brickwork 

S.  Vol,  IV.'-i2. 
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and  sweeping  loam  upon  it,  instead  of  using  the  cores  e^ 
Fig.  13  (b).  As  the  wheel  is  to  be  turned  on  the  outside,  it  is 
not  important  that  it  should  be  smooth,  and  the  method  here 
illustrated  is  in  many  cases  cheaper  and  more  convenient. 

57.  In  order  to  form  a  joint  for  the  wheel,  cast-iron 
plates,  similar  to  those  shown  at  Fig.  13  (/),  are  introduced 
into  the  joint  to  fill  the  space  left  by  the  core  print  w  upon 
the  segmental  pattern.  These  plates  have  a  series  of  holes 
in  them  through  which  the  cores  for  the  bolt  holes  are  to  be 
placed.  The  holes  in  the  plates  should  be  \  inch  or  so 
larger  than  the  cores  for  the  bolt  holes,  so  that  some  metal 
may  flow  through  the  holes  and  around  the  cores,  thus  giv- 
ing an  abutting  surface  surrounding  each  bolt.  The  hub  of 
the  wheel  is  also  split  by  means  of  cast-iron  plates,  but  no 
allowance  is  made  in  the  case  of  the  holes  in  these  plates  to 
have  an  abutting  surface  of  metal  about  the  cores  for  the 
bolts.  All  the  venting  from  the  cores  in  this  mold  is  taken 
care  of  through  the  center  cores  //  and  i. 


PATTERNS    FOR    SCREW   PROPELLERS, 

58.     Development  of  the  Curve  for  the  Blades. 

In  order  to  lay  out  the  curve  representing  the  pitch  of  a 
propeller  screw,  the  following  method  may  be  used.  If  a 
cylinder  were  drawn  with  a  diameter  as  shown  in  Fig.  IG  (a), 
the  diameter  being  equal  to  the  distance  across  the  points  of 
the  blades  of  the  propeller  and  the  line  a  b  equal  to  the  pitch 
of  the  screw,  then  the  curved  line  joining  these  two  points 
would  represent  the  course  of  the  blades  if  they  were  con- 
tinuous. In  order  to  determine  the  angle  that  these  blades 
make,  lay  off  bc^  equal  to  the  circumference  of  the  cylinder, 
perpendicular  to  a  b,  and  join  the  points  a  and  c.  The  line  a  c 
will  represent  the  length  of  the  screw  between  a  and  ^,  and 
the  angle  at  c  will  represent  the  angle  that  it  makes  at  any 
point  on  the  surface  of  the  cylinder.  If  a  piece  of  paper  of 
the  form  a  be  were  cut  out  and  wound  around  the  cylinder,  it 
would  form  the  spiral  shown  and  the  point  c  would  come 
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around  to  the  point  b.  If  it  were  desired  to  continue  this 
spiral  about  the  cylinder,  other  lines  parallel  to  the  line  ac 
could  be  drawn  as  represented  by  the  dotted  line  j,  and,  if 
this  were  wound  around  the  cylinder,  it  would  form  a  con- 
tinuation of  the  spiral,  the  point  d  coming  to  the  point  «, 
etc.,  thus  making  a  continuous  thread.  This  method  is  the 
same  as  that  used  in  laying  out  the  threads  on  worms.'  The 
curved  line  representing  the  thread  about  the  cylinder 
shown  in  Fig.  16  ((i)  is  of  no  use  in  laying  out  the  drawing, 
but  has  simply  been  projected  for  the  purpose  of  illustration, 
the  projected  points  being  numbered  the  same  in  the  half 
plan  of  the  cylinder  and  in  the  elevation,  so  that  the 
method  of  projecting  may  easily  be  understood.  The  angle 
at  e  that  the  outer  end  of  the  blade  makes  with  the  direc- 
tion of  its  center  line  is  the  important  point  in  the  laying 
out  of  a  screw  propeller  wheel. 

59.  Styles  of  Patterns. — Usually,  a  whole  pattern  is 
made  for  a  small  propeller  wheel  having  three  or  four  blades, 
as  such  a  pattern  saves  much  time  in  the  molding,  but  when 
the  pattern  is  5  or  6  feet  in  diameter  or  is  not  liable  to  be 
used  often,  the  molder  can  make  a  pattern  for  one  blade 
answer  the  purpose  for  three  or  four  by  moving  it  around 
the  spindle  and  ramming  up  the  cope  and  drag  in  sections. 
The  principles  here  given  for  building  up  one  blade  will  also 
apply  to  a  pattern  having  three  or  four  blades. 

60.  Laying  Out  of  the  Blade.— Fig.  10  (b)  shows 
one  manner  of  laying  out  a  propeller  blade  when  there  is  no 
rake  aft.  Having  obtained  the  angle  of  pitch  t\  Fig.  16  (ez), 
it  is  an  easy  matter  to  transfer  it  to  the  blade.  To  accom- 
plish this,  draw  the  line //across  the  center  of  the  hub,  and 
draw  the  line  gg  at  an  angle  e  with  //,  the  intersection 
being  at  the  point  x  upon  the  vertical  center  line  of  the 
hub.  Where  the  lines//  and  gg  intersect  at  x  is  the  cen- 
ter of  the  blade  represented  by  the  line  hh  in  the  plan,  and 
through  this  line  the  face  must  pass. 

Having  located  the  lines  hh  and //and  the  angle  c  on  the 
hub,  the  outline  and  longitudinal  section  of  the  blade  are 
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laid  out,  the  longitudinal  section  of  the  blade  being  shown 
cross-sectioned  in  the  upper  view  and  the  outline  of  the  end 
being  shown  in  full  lines  intersecting  the  line  g g.  It  will  be 
noticed  that  the  outline  does  not  exactly  coincide  with  the 
line  g g.  This  is  so  because  the  ends  /  /  recede  from  the 
line^^  in  order  to  conform  to  the  surface  of  the  cylinder 
and  hence  appear  above  and  below  the  line  g g. 

The  section  on  the  line  h  h  shows  the  actual  thickness  of 
the  center  of  the  blade  lengthwise,  while  the  outline  on  the 
line  I  I  does  not  show  the  actual  thickness,  because  it  is  pro- 
jected. The  shape  of  the  outline  of  the  blade  is  drawn  on 
the  pattern  after  it  is  built  up.  Different  designers  hold 
various  opinions  as  to  the  best  outline  for  a  propeller,  and 
the  one  chosen  has  simply  been  adopted  for  the  sake  of 
illustration. 

Gl.  To  get  the  cross-section  of  the  blade  at  the  hub, 
the  angle  that  the  blade  makes  at  the  hub  must  be  deter- 
mined. This  is  done  by  drawing  the  lines  from  k  k  in 
the  upper  view  until  they  cut  the  same  upper  or  lower  lines 
that  ^^  do  in  the  lower  view,  as  shown  at  k'  k'.  Then  k'  k' 
will  be  the  angle,  but  the  intersection  of  the  blade  at  k  k, 
falling  as  it  does  on  the  round  surface  of  the  hub,  will  not 
appear  straight  as  shown.  It  is  drawn  so  in  order  to  sim- 
plify the  drawing,  and,  as  it  is  intended  for  the  pattern- 
maker's working  drawing,  will  answer  all  practical  purposes. 
The  cross-sections  at  //  and  ;// ;//  are  omitted,  but  they  may 
be  obtained  by  projecting  lines  from  the  points  at  which  these 
intersect  the  lines  bounding  the  sides  of  the  blade  on  to  the 
lower  view,  and  drawing  diagonal  lines  similar  to  k'  k\  upon 
which  the  sections  may  be  drawn. 

62.  Building  the  Pattern.  —  Having  obtained  all 
the  lines  needed,  the  material  for  the  pattern  may  be  gotten 
out.  Care  must  be  taken  to  see  that  each  course  is  parallel, 
for,  if  it  is  not,  the  building  up  will  give  trouble  and  cause 
the  pitch  to  vary  from  that  desired.  In  the  lower  view, 
Fig.  IC  (/'),  it  will  be  noted  that  the  patternmaker  is  guided, 
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in  forming  the  straight  face  of  the  blade,  entirely  by  the 
positions  of  the  corners  of  the  segments  as  they  are  laid  up, 
these  segments  being  brought  into  contact  with  the  line  i  i . 
For  the  sake  of  illustration,  the  material  is  cut  as  close  to 
the  line  on  the  back  of  the  blade  as  it  is  on  the  face,  but 
there  ought  to  be  more  stock  allowed  on  the  back  than 
is  represented  in  the  drawing.  In  Fig.  16  (r)  are  illustrated 
the  first  three  courses  of  the  pattern  numbered  1^  2,  and  3. 
The  width  of  each  course  is  determined  by  the  end  view, 
Fig.  16  (^),  and  the  width  at  ^  ^  is  obtained  by  drawing  a 
circle  on  each  course  with  a  radius  equal  to  r  in  the  plan  in 
Fig.  16  (^),  and  then  transferring  the  different  widths  as 
seen  at  the  section  k'  k'  in  the  end  view  and  adding  enough 
stock  to  form  the  fillet  at  the  hub. 

63.  In  cutting  out  the  courses,  the  grain  of  the  wood 
should  run  as  indicated  by  the  arrow  shown  opposite  seg- 
ment 2  in  Fig.  16  (c),  as  this  will  make  the  cutting  and 
shaping  of  the  blade  much  easier  than  if  the  material  were 
sawed  out  with  the  grain  running  straight. 

A  wooden  pin  should  be  turned  the  same  diameter  as  the 
spindle  upon  which  the  pattern  is  to  be  used  and  a  hole 
bored  in  each  segment  to  fit  this  pin.  The  courses  of  the 
blade  are  then  slipped  over  the  pin  in  their  proper  order, 
thus  keeping  all  the  courses  parallel  to  one  another,  and  at 
the  same  time  permitting  them  to  be  swung  to  their  proper 
positions. 

Although  each  course  may  be  of  even  thickness  and  the 
correct  bevel   laid  off  on   the  end  of  each  piece,   there  is- 
danger  in  the  building  up  of  the  courses  that  they  may  lean— 
over  too  much.     To  prevent  this,  it  is  a  good  plan  to  make= 
an  ar^gle  piece  as  shown   in  Fig.  16  (^).     This  angle  piece 
is   laid    off   with    the   same    angle    as    that    shown   at    r. 
Fig.   16  (a),  and   is  used    for  a  guide    and    support    whil( 
building  up  the  blade.     The  angle    piece    is    built    in   th( 
form  of  a  cylinder,  having  a  circumference  equal  to  that  o: 
the  periphery.      Each  course  for  the  periphery  of  the  blad< 
is  beveled  off  for  a  short  distance    in  from  the  end  so  a: 
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to  rest  oil  the  incline  of  tlie  angle  piece,  care  being  taken 
not  to  destroy  the  upper  radial  edge  of  each  course  in 
doing  so. 

After  the  courses  are  all  placed  in  position  and  glued 
together,  the  straight  face  represented  li^  i  i'  on  the  outer 
edge  and  i'  i'  on  the  inner  edge  is  worked  off  to  the  proper 
curves,  the  patternmaker  being  guided  hy  the  edges  of  the 
courses.  When  this  is  complete,  the  back  of  the  blade 
is  worked  off  to  a  templet,  different  templets  having  been 
made  for  several  cross-sections,  as,  for  instance,  on  the 
lines  //and  mm  in  the  plan  shown  in  Fig.  16  [6). 

While  this  pattern  is  shown  built  face  down,  with  the 
ends  of  each  course  resting  upon  the  angle  piece,  it  may  be 
built  fafce  up,  and,  by  some  patternmakers,  the  latter 
method  is  preferred,  because  it  is  plain  that  they  can  see 
better  to  guide  the  face  edges  right  when  they  are  on  the 
upper  side  than  when  they  are  on  the  l<;wer,  but  this  is 
only  a  matter  of  individual  preference. 

64.  Practically  all  propeller  wheels  are  constructed  with 
a  slight  rake  aft,  and  this  has  to  be  taken  into  accoimt  in 
building  a  pattern.  To  allow  for  this  rake  it  may  be  neces- 
sary to  use  one  or  more  segments  that  do  not  extend  to  the 
hub  or  to  cut  away  the  hub  end  of  some  of  the  segments 
after  they  are  in  place.  Propeller  wheels  are  also  frequently 
constructed  which  do  not  have  a  constant  pitch.  In  this 
case  the  pitch  is  specified  for  certain  points  and  the  inter- 
mediate points  are  worked  down  so  that  the  surface  at  one 
point  blends  into  that  at  another  without  any  sudden 
changes  in  form.  To  construct  a  pattern  for  a  propeller 
wheel  having  a  variable  pitch,  it  is  necessary  to  construct 
templets  for  several  points  at  the  face  of  the  blade.  Both 
in  the  case  of  propeller  wheels  having  a  constant  pitch  and 
in  the  case  of  those  which  have  a  variable  pitch,  some 
patternmakers  construct  a  series  of  forms  and  build  the 
pattern  upon  them.  When  this  method  is  followed,  a  series 
of  concentric  circles  are  drawn  on  the  board  on  which  the 
pattern  is  to  he  buiit  and  the  angle   fur  the   blade  at  each 
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one  of  these  circles  is  calculated  and  a  piece  of  metal  cut 
out  similar  to  the  wooden  form  shown  at  Fig.  16  (r/). 
Wooden  guides  are  then  sawed  to  the  radius  of  the  circles 
drawn  and  the  metal  forms  fastened  to  these.  The  pro- 
peller wheel  is  then  laid  up,  each  succeeding  segment  being 
fitted  against  all  the  guides;  after  the  pattern  is  built  up, 
the  material  between  the  guides  is  worked  off.  This  fin- 
ishes the  flat  side  of  the  propeller  wheel.  The  form  of  the 
blade  is  then  laid  out  upon  this  surface  and  the  stock 
surrounding  it  cut  away.  In  order  to  give  the  proper  form 
for  the  other  side,  either  one  of  two  methods  may  be 
followed.  In  the  first,  a  series  of  templets  are  made  and 
the  back  of  the  blade  worked  down  to  these  templets.  In 
the  second,  the  thickness  of  the  blade  at  different  points  is 
calculated,  small  holes  are  bored  through  the  blade  at  these 
points,  and  pegs  are  cut  off  to  a  length  which  will  corre- 
spond to  the  thickness  at  these  various  points.  These  pegs 
are  glued  in  the  holes  so  that  one  end  is  flush  with  the  flat 
side  of  the  blade.  After  this  the  other  side  of  the  blade  is 
worked  off  flush  with  the  ends  of  the  pegs. 

65.  Propeller  wheels  are  also  sometimes  molded  in  loam, 
the  lower  face  corresponding  to  i'  i'  and  k'  k'  in  Fig.  16  (b) 
being  swept  up  with  the  aid  of  a  guide  similar  to  that 
shown  at  Fig.  10  {d).  The  blades  are  then  built  up  from 
molding  sand  by  means  of  templets,  after  which  the  cope  is 
rammed.  The  cope  is  then  lifted,  the  molding  sand  occu- 
pying the  place  of  the  blades  cleared  away,  and  the  mold 
made  ready  for  casting.  When  this  method  is  followed,  the 
casting  is  really  obtained  from  a  sand  pattern.  As  this 
matter  interests  the  molder  more  than  the  patternmaker^ 
no  further  description  of  it  will  be  given  here. 


FOUNDRY  WORK. 

(PART  1.) 


INTRODUCTION. 

1  •  Foundlni]^  is  a  trade  that  involves  some  knowledge  of 
almost  every  operation  required  in  the  making  of  machines; 
and  men  well  versed  in  the  mechanic  arts  assert  that  the  art 
of  founding  demands  greater  mechanical  skill,  caution,  and 
good  judgment  than  any  other  of  the  allied  trades.  The  art 
of  founding  is  largely  dependent  on  the  hand  and  mind  for 
results,  machinery  having  played  but  a  small  part  in  the 
work  of  molders  compared  to  what  it  has  done  for  work- 
ers in  most  other  trades. 

There  are  three  branches  of  moldiiiKf  termed,  respect- 
ively, grccn-sand^  dry-sand^  and  loam  molding.  Green- 
sand  molding  involves  the  making  of  castings  in  molds 
that  are  composed  entirely  of  sand  in  a  damp  state,  or  that 
have  their  surfaces  **skin  dried." 

Dry-sand  moldlns^  involves  the  making  of  castings 
in  molds  that  are  made  with  sand  in  a  damp  state,  after 
which  the  sand  is  dried  in  an  oven,  or  otherwise,  so  as  to 
remove  all  moisture  and  leave  the  body  of  the  mold  dry  and 
firm. 

In  loam  moldlnK*  the  castings  are  made  in  molds  con- 
structed with  sweeps  and  skeletons  of  patterns;  a  mixture  of 
loamy  sand  and  other  material  is  used  to  form  the  face  of 
the  mold,  brickwork  fr)rming  the  outer  and  inner  supports. 
This  class  of  work,  like  dry-sand  molding,  recpiires  thorough 
drying  before  the  molds  are  cast. 
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The  practice  of  some  shops  embraces  all  three  branches, 
but  most  foundries  make  only  green-sand  molds.  There  is 
generally  more  risk  in  making  medium  and  large  castings 
in  green -sand  molds  than  in  dry-sand  or  loam  molds.  In 
many  cases,  a  poor  class  of  molders  or  inexperienced  men 
may  be  employed  for  making  dry-sand  molds,  but  it  is 
seldom  wise  to  trust  other  than  skilled  workmen  with  the 
construction  of  green-sand  molds,  especially  in  heavy  work. 
Loam  work  varies  very  much  in  the  degree  of  skill  required. 
Some  classes  of  loam  molds  permit  the  employment  of 
inferior  workmen,  while  others  demand  extraordinary  ex- 
perience, skill,  and  good  judgment  in  their  production. 


TERMS  USED  IN  THE  FOUNDRY. 

2.     The  following  are  some  of  the  most  common  terms 
used  in  founding: 

Flask. — A  flask  is  a  frame  or  box  that  keeps  the  sand  in 
place  while  the  casting  is  being  made.     Flasks  may  be  made 
of  wood  or  metal.     Wooden  flasks  are  shown  in  Figs.  13 
and  10,  while  an  iron  flask  is  shown  in  Figs.  14  and  15.    A 
flask  is  composed  of  two  or  more  parts.     When  composed 
of  two  parts,  the  one  molded  first,  and  which  stands  lowest 
while  the  mold   is  being  poured,   is  called   the  noiwel  or 
drag,  while  the  portion  which  is  molded  last,  and  whicH 
stands  uppermost  while  the  casting  is  being  poured,  is  called 
the  cope.     When  a  flask  has  more  than  two  parts,  the  por- 
tions between  the  cope  and  the  nowel  are  called  interio^' 
diate  parts  or  cheeks. 

Moldinit:  Board. — The  molding  board  is  the  board  <^^ 
plate  upon  which  the  pattern  is  placed  while  ramming  tVm^ 
sand  into  the  nowel. 

Bottom  Board. — The  bottom  board  is  the  board  ^^ 
plate  which  is  placed  on  the  top  of  the  nowel  before  rolli'^^ 
it  over,  and  hence  it  becomes  the  bottom  of  the  mold  clt-*^" 
ing  subsequent  molding  and  casting  oi)erations. 

Pattern. — A  pattern  is  any  form  used  in  making  a  moi^- 
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Sprue  Pin.— A  sjiruo  pin  ia  a  wooden  or  metal  pin  used 
for  making  an  opening  ihroiigh  the  cope  tlirougli  which  the 
metal  may  be  poured  while  pouring  the  casting. 

Dra^v-Nail.^A  draw-nail  or  drnw-splke  is  a  metal 
piece  used  in  drawing  a  pattern  from  the  mold. 

Drawing  und  Rappins  Plates. — Drawing  and  rap- 
ping plates  are  metal  plates  fastened  upon  patterns  and 
intended  to  receive  the  ends  of  draw-nails  or  rapping  irons. 
Frequently  a  draw-nail  is  threaded  and  screwed  into  a  hole 
tapped  in  the  draw-plate.  The  pattern  may  be  loosened  by 
rapping  sidewise  on  the  draw-nail,  but  it  is  better  to  use  a. 
rapping  iron  in  a  separate  hole. 

Gate. — A  gate  is  an  opening  in  the  sand  which  connects 
the  sprue  with  the  opening  left  by  the  pattern.  The  term 
is  also  applied  to  the  body  of  metal  which  occupies  this  pas- 
sage after  the  casting  has  been  poured. 

Sprue. — A  sprue  is  the  opening  left  by  a  sprue  pin  and 
through  which  melal  is  introduced  into  the  mold.  The 
term  is  also  applied  to  the  metal  which  occupies  the  opening 
after  the  casting  has  been  poured. 

Riser. — A  riser  is  an  opening  from  the  pattern  to  the 
tace  of  the  mold  through  which  gas  may  escape  and  the  sur- 
plus metal  rise  above  the  face  of  the  casting. 

Shake. — Shake  is  an  allowance  made  on  a  pattern,  on 
account  of  the  fact  that  the  mold  is  usually  larger  than  the 
pattern,  owing  to  the  fact  that  the  pattern  has  to  be  rapped 
sidewise  in  order  to  loosen  it  in  the  mold  so  that  it  may  be 
removed,  and  the  allowance  necessary  on  account  of  this 
increase  in  size  is  called  an  allowance  for  shake,  Such  an 
allowance  is  made  only  on  patterns  under  i  inches  in  cross- 
section. 

Draft.— Draft  is  a  term  used  to  denote  an  allowance 
which  results  in  the  increase  of  certain  dimensions  of  the 
pattern  so  that  the  face  may  be  the  largest  cress-section  of 
the  pattern  and  that  all  surfaces  tending  from  the  face  may 
form  an  angle  of  less  than  '.Kf  with  it.     An  allowance  for 
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draft  is  made  to  facilitate  the  withdrawing  of  the  pattern 
from  the  mold. 

MoldlnjiC  Sand. — Molding  sand  is  composed  of  a  mix- 
ture of  sharp  sand  with  a  certain  amount  of  clay  and  the 
term  is  used  to  cover  a  large  variety  of  sand  employed  in 
the  different  branches  of  green-sand  molding.  Sand  is  said 
to  be  sharp  when  its  individual  grains  are  angular,  and 
dull  when  its  individual  grains  are  round.  Sand  is  said  to 
be  stronjyr  when  a  body  of  it  manifests  a  disposition  to 
retain  any  shape  that  may  be  given  to  it,  and  "weak  when  it 
tends  to  fall  apart  and  will  not  retain  a  given  shape.  Other 
things  being  equal,  the  sharper  the  sand  the  stronger  it  is; 
but  the  sharpest  sand  is  weak  without  some  cementing 
admixture,  as  clay.  If  molding  sand  is  too  sharp  it  will 
not  hold  its  shape,  and  if  too  strong  it  will  not  permit  the 
gases  to  escape  through  it  during  the  casting. 

Parting  Sand. — Parting  sand  is  a  general  term  applied 
to  any  material  used  to  prevent  two  surfaces  of  a  mold  from 
adhering.     It  is  usually  made  from  sharp  or  burned  sand. 

Fireclay. — Fireclay  is  a  clay  capable  of  withstanding 
intense  heat.  It  is  used  for  lining  ladles,  to  line  cupolas, 
and  in  places  where  great  heat  must  be  resisted.  It  is  also 
used  as  a  clay  wash  for  strengthening  molding  sand. 

Facing:. — Facing  is  a  general  term  applied  to  any  material 
used  for  lining  the  walls  of  a  mold,  for  the  purpose  of  im- 
proving the  finishing  of  a  casting. 

Rammer. — A  rammer  is  a  tool  used  for  tamping  th^ 
sand  in  the  mold.  There  are  two  classes  of  rammers,  calle 
hand  rammers,  which  are  used  for  light  molding  and  ar 
only  IG  to  20  inches  in  length,  and  floor  rammers,  whic 
are  intended  for  heavy  ramming  and  are  usually  seve 
feet  in  length.  In  Figs.  14  and  15  the  floor  rammer  i^ 
shown  in  use.  One  end  of  the  rammer  has  a  flat  rectangula- ""^ 
point  called  a  peen,  as  shown  at  r.  Fig.  13,  and  the  oth^^ 
end  a  large  flat  surface  called  a  butt,  as  shown  at  d^  Fig.  13- 

Sieve. — A  sieve  is  a  tool   used   for  sifting  sand  or  fc>^ 
removing  coarse  material  from  the  sand.     The  hand  sie>r^ 


§35 


FOUNDRY  WORK, 


is  compiiscil  of  a  circiilur  framt;,  the  bottom  of  whifh  is 
covered  with  wire  cloth. 

Riddle. — The  riddle  is  ;i  coarse  sieve. 

Trowels. — There  are  a  large  number  of  forms  of  trowels 
used  in  molding  and  they  will  be  illustrated  in  connection 
with  the  work  upon  which  they  are  required. 

SllcIier».^Slickers  are  small  trowels  ur  trowel-like  toots 
used  for  finishing  the  face  of  molds  and  will  be  illustrated 
in  connection  with  the  work  on  which  they  are  required. 

Uaterx. — Gaters  are  small  trowels  or  bent  pieces  of  sheet 
metal  employed  for  cutting  the  gates  from  the  bottom  of 
the  sprue  to  the  casting. 

Vent. — -A  vent  is  any  opening  in  a  mold  provided  for  the 
escape  of  gas  or  steam. 

Vent  Wire. — A  vent  wire  is  a  small  rod  or  wire  used  for 
forming  a  vent. 


GREE\-SAM>  MOLDING. 

3.  Grades  of  Sund. — The  sand    for  making   ([ruen- 

sand  moIdH  should  vary  in  its  physical  qualities  according 
as  the  castijigs  to  be  made  are  light  or  heavy.  For  light 
castings  the  sand  should  be  of  a  fine  grain,  while  heavy 
castings  require  sands  that  are  of  an  open,  coarse-grained 
texture.  If  the  sands  that  are  best  fitted  for  heavy  work 
are  used  in  making  light  work,  the  castings  will  have  a 
rough  skin,  or  surface.  If  the  fine  sands  suitable  for  light 
castings  are  used  for  making  heavy  ones,  there  will  be 
great  danger  of  cre.iting  Bcab»,  or  causing  the  castings  to 
blow^.  on  account  of  the  sand  being  so  fine  in  texture  that 
it  will  not  allow  the  gases  (created  at  the  face  of  the  mold  by 
heavy  bodies  of  molten  metal)  to  escape  freely  through  the 
sand  and  vent  holes  of  the  flasks. 

4.  Chemical  and  Pliysttcal  Character  <>f  Sand. — 
Sand  varies  more  in  its  physical  properties  than  in  its  chem- 
ical composition.      The  chief  constituent  of  sand  is  silica, 
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though  it  also  contains  alumina,  lime,  iron  oxide,  together 
with  other  elements  that  may  be  present  in  some  grades  of 
sand  and  absent  in  others.  Chemical  analysis  has  thus  far 
rendered  but  little  aid  to  persons  in  the  seleclinn  of  differ- 
ent grades  of  sand. 

5.  >A'here  Muldlnie  Sand  In  Found.— ^^lolding 
sand  suitable  for  medium-weight  ami  heavy  green-sand 
castings  is  found  in  almost  every  part  of  the  United  States. 
Sand  for  light  work  is  the  most  difficult  lo  obtain;  many 
light-work  foundries  are  compelled  Lo  rely  wholly  on  ihe 
fine  sand  found  in  and  around  Albany,  New  York.  This 
sand  makes  the  finest  light-work  castings  produced  in  the 
country.     It  is  good  for  brass  molding  as  well  as  iron. 


PREPARING  THE  SAND. 


TKMPEHIKG  THE  SAND. 

6.     Mennlntc  of  Term.  —  In   mixing   or   tempering 

sand  by  hand,  the  shovel  should  be  used  in  such  a  manner 
as  to  scatter  the  sand, 
as  shown  in  Figs.  1 
and  2.  This  is  done 
by  giving  the  shovel 
a  twist  with  the  hand 
that  holds  the  handle 
end.  When  shoveling 
sand  from  one  place 
to  another  without  at- 
tempting to  mix  it, 
the  sand  is  sometimes 
allowed  to  leave  the 
shovel  in  a  solid  mass, 
as  shown  in  Fig.  3. 
This  method  of  shciv 
eling  permits  of  throw- 
,nd,  hence,  is  used  when 

shoveling  sand  from  place  lo  place,  as  from  a  car  to  a  bin. 


J  the  sand  to  a  greater  distancL-, 
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I A  molder  iir  helper  should   learn   to  slnn-cl  citht.T  right- iir 
Ttcft-hiindcd,  so  as  to  tie  able  to  lake  either  side  i>f  a  Kand 


heap  when  working  with  an  assistant;  note  the  different 
relative  positions  of  the  two  men  in  Figs.  2  and  i.      A  clear 
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taincd  between  the 

led  and  that  upuii 


which  it  is  thrown,  as  in  Fig:s.  3  and  4.     If  this  is  not  dott, 
much  of  the  sand  will  escape  thorough  mixing. 

7.     Shovelii. — In  Fig.   5  are  shown  the -two   kinds  ot 
Hbov«l  in  general  use,  (a)  having  a  flat  blade,  while  (i)  li»* 


P  turned  edges.     The  flat  shovel  is  generally  used  for  lij^P* 

I  floor  work  and  bench  molding,  while  shovel  (6)  is  uSfd  f-* 

I  heavy  molding  and  digging  out  holes. 

I  A  molder  should  never  work  with  a  dirty  shovel.     Wh^ 

I  in   use  the  shovel  should    be   kept   clean    by   scraping    - 

I  shown    in   Fig.    (i.      When    put    away   for    the  night,  or 

I  not    in   constant    use,    a    shovel    should    be    cleaned    of    ^ 
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dirt   am!   uilcil    with  a  greasy   rag 
rusty.     There  is  nothing  that  tit- 
notes  the  poor  or  slovenly  nioldcr 
more  than  working  with  a  dirty 
shove!, 

8.  Wetting  Down  th« 
Sand. — In  throwing  water  on  a 
sand  pile  with  a  bucltet  or  hose, 
it  should  never  be  thrown  in  a 
body  on  one  spot,  as  that  will 
form  mud-holes  and  involve  a 
loss  of  time  and  labor  in  mix  ng 
the  mud  with  drier  sand  in  order 
to  temper  it.  If  the  sand  is  very 
dry.  water  should  be  sprinkled 
upon  it  from  a  hose,  or  by  being 
thrown  from  a  buclcet  as  in  Fig  7 
When  the  sand  has  been  damp 
ened  nearly  to  its  right  temper,  so  as  to 
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mure   vetlio;^.    it   fefauuld   be  sprinkled    by   hand    frooi  tbc 
budcct,  a»  sbovn  in  Pig.  f*. 


y,     ttl«v«M  and  Hlddlctt. — The  meshes  or  openings  of 
I  iil«vu  r;iiigi;  (rcjin  the  fineness  of  a  fiour  sieve  up  to  open- 
ings  ^   inch  square; 
when     the     openings 
are     alxive     ^     inch 
square,     the     imple- 
ment is  called  a  rid- 
dle.     In   Pig.    »,   (n) 
shows    a    sieve     am] 
{d)  a  riddle.     Insiev- 
the   riddle  should   not   lie 
10,    but    should    be    held 
hand  can  strike,    nr  j. 
swung    frum    •.me    side    to 


ing  or  riddling  sand  by  hand, 
held  rigidly,  us  shown  in  Fig 
loosely,  so  thai  the  Imlt  of  tin 
Ihc   rim   of  the  riddle   as   it    is 

other,  afli-r  Ihr  ni:inn.-r  show 


1  Fi' 


Hitlii] 


neia 

jar, 
e    to  J 

the  I 
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rim  of  the  riddle  or  sieve  with  tlie  bull  of  Ihe  hand  causes 
a  Jar  over  the  whulu  f:ice  of  the  meshes,  and  this  causes  the 


saivl  lo  pass  through  the  meshes  inu(-h  mnre  freely  than  if 
ihc  tool  were  held  rigidly,  as  iti  Fig.  10. 
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When  sieves  or  riddles  are  not  in  use,  they  should  not  be 
thrown  on  the  damp  ground  or  on  a  sand  pile  with  the  mesh 
side  down,  as  such  a  prac- 
tice will  clog  the  meshes 
with  sand  in  such  a  man- 
ner as  to  hinder  the  pas- 
sage of  sand  through  the 
screen  and  also  cause  the 
wires  to  rust  away  very 
rapidly;  they  should  be 
placed  either  on  the  sand 
heap  with  the  mesh  side 
up,  or  else  hung  upon  a 
nail,  as  in  Fig,  li.  A 
skilled  molder  can  be  de- 
tected by  the  way  he 
handles  his  sieve  and  rid- 
dle, as  well  as  his  shovel. 


PltEi*AHl\U   TUB    M(»I.1>    ItV   "  U1II.I.INU    OVEH." 

FLASKS. 

lO.  Flasks  art-  ii[>en  frames  of  wood  or  iron,  usually 
consisting  of  two  parts,  though  sometimes  of  three  or  more, 
so  arranged  that  they  may  be  taken  apart  and  then  returned 
to  exactly  the  same  relative  positions  that  they  had  before 
they  were  separated.  For  this  purpose  they  are  provided 
with  s|iecial  projecting  pins  and  sockets.  They  have  two 
loose  covers,  called  a  '"  top  board"  and  a  ■"  bottom  bciard. " 
When  there  are  two  frames  (the  intpw  and  the  nuwel)  to 
the  Hasfc.  it  is  called  a  "  two-part  flask  " :  when  three  frames, 
a  "  three-part  flask  ";  and  so  on.  for  four  or  more.  There  is 
a  great  variety  in  ihc  shapes  and  sizes  of  9asks;  the  molder 
usually  takes  the  smallest  Hosk  in  which  he  can  safety  make 
the  mold  for  any  given  casting.  The  most  cumnion  f.^rm  of 
wooden   Hask   is  that  shown  in    Figs.  Iti  and  3o-      There  is. 
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also,  a  special  lype  kniiwn  as  a  "snap  flask";  this  opens  at 
one  corner  and  has  a  hinge  on  the  opposite  corner,  so  that 
the  (lask  may  be  removed  from  a  mold,  after  the  mold  is 
(omplrled,  anil  nsed  over  again  before  the  mold  is  poured. 


RAMMING  THE  MOLD. 


I  1.      Fig.  13  (rt)  represents  the  mmmlnic  up  of  : 
pattern  P.     The  depth  of  the  ramming  courses  varies 


4  to  8  inches,  acrording  to  the  strength  of  the  molder  and 
the  character  of  the  work  he  has  in  hand.  For  the  pattern 
shown,  a  depth  of  5  to  (i  inches  of  loose  sand  will  work  well 
in  the  onlinary  moUler's  hands.  In  starling  to  learn  how 
to  use  the  floor  rniDmer,  beginners  generally  handle  it 
in  the  manr.cr  shown  in  Fig.  14.  which  is  wrong;  the  proper 
way  to  handle  it  is  iilnstrated  in   Fig.  15,      In  starting  to 
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ram  a  course  of  sand,  the  peen  end  is  used  first  and  shoi 
be  struck  down  with  sufficient  force  to  feel  a  solid  bottom: 
this  bottom  may  be  either  the  mold  board  c,  Fig,  15,  or  it 
may  be  the  course  of  sand  that  has  just  been  rammed,  ai 
Fig.  13,  where  the  peen  end  of  the  rammer  is  shown 
and  the  rammed  sand  of  the  previous  course  at  a.      In  n 
ming  the  space  between  the  pattern  and  the  inside  of 


1 


flask  d,  the  peen  is  first  carried  along  the  face  of  the  pattern, 
as  seen  at  c  in  the  illustration,  and  then  used  promiscuously 
over  the  remainder  of  the  space  until  it  has  been  rammed 
down  fairly  well  with  the  peen  ;  then  the  rammer  is  reversed 
and  the  butt  d  used  over  all  the  surface. 

After  the  butt  has  been  used  to  ram  down  a  cours 
sand  5  orG  inches  thick,  it  leaves  that  course  from  1  in( 
IJ  inches  lower  than  when  finished  by  the  peen,  as  witl^ 
seen  by  comparing  the  portions  c  and /"of  course  «,  Fig,  V 
The  mound  seen  at  ^,  Figs.  13  and  IG,  is  then  rammcti  iloi 
lightly  with  the  peen.     After  this,  the  hand  is  used,  as  shoj 
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ron    the    right    of  Fig.    10,    to    level   down 

the    •■  facing    saml "    lying    against    [he  f 

liable     to    have    common 

benp     Hand     mixed     with 

it),  to  prepare  for  another 

crmrse  of  facing  and   ram- 

niing.    In  using  the  rammer 

for  the  first  peening  and 
Kthc  bulling,  care  shtiuld  be 
rczercised  to  keep  the  peen 

and  butt  about  l  inch  frnm 

the  face  of  the  pallern  dur- 
ing the  ramming,  as  when 

driving  the  peen  down,  it  is 

liable,   if  farced  up  against 

U)«  pattern,  to  make  a  hard 

■pot  in  the  face  of  the  mold 

that  may   cause   a  scab  nn 

the  face  of   the  casting  at 

that  point.     If  the  courses 

sand    are    not    rammed  '''"' '"' 

enly,  after  the  manner  just  described,  the  castings  are 
Very  liable  to  be  badly  swelled  at  the  line  of  union  of  the 
courses,  and  thus  appear  as  shown  at  [/>).  Pig.  Hi;  whereas, 
if  the  courses  of  sand  are  rammed  evenly,  the  casting  should 
aiipear  as  shown  at  (i-). 

In  starting  on  a  mold,  the  patterns  should  be  faced  with  a 
proper  fncinic  sand  that  has  passed  through  a  No.  8  sieve, 
s  to  have  an  even  surface  on  the  face  of  the  mold.  The 
feeing  sand  is  applied  to  the  face  of  the  pattern  for  a  thick- 
ness of  from  t  to  IJ  inches,  as  at  A,  A  in  Fig.  13.  After 
"  '  I  lacing  sand  has  been  banked  against  the  face  of  the 
pattern,  common  heap  sand  is  filled  in  to  the  level  of  the 
racing  sand,  and  the  whole  is  then  rammed  down  with 
She  peen  and  butt  of  the  rammer.  In  banking  faeing  sand 
•gainst  a  pattern,  it  should  be  carried  a.s  high  as  the  common 
wn«l  is  intended  to  go.  If  this  is  not  done,  the  result  will 
"  a  seam  of  common  sand,  as  at  r,  Fig.  13,  separating  the 
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parts  of  the  facing  against  the  pattern  P,  If  the  facing 
sand  is  not  thoroughly  united  at  the  seams  of  each  course 
of  ramming,  the  castings  will  be  rough  and  often  will  have 
**  burned  sand  swells  "  at  the  seams  of  all  such  course  of 
ramming.  This  will  make  a  casting  look  almost  as  bad  as 
do  swells  caused  by  uneven  ramming,  as  seen  in  view  (^), 
Fig.  13. 

12.     Hardness  Required   in  Molds. — As  a  rule  the 
sand  on  the  sides  of  molds  will  stand  harder  ramming  than 
that  on  the  bottom  or  the  top;  and  again,  the  deeper  the 
mold,  the  harder  the  ramming  required  at  the  lower  courses. 
As  an  example,   in  ramming  the  mold  shown   in   Fig.  13 
(which  is  rolled  over  when  rammed  full),  the  courses  5,  5, 
and  7  will  require  harder  ramming  than  the  courses  i,  f,  ^, 
and  ^,  on  account  of  the  static  pressure  of  the  metal,  when 
the  mold  is  being  poured,  being  greater  near  the  bottom. 
Molten  metal  behaves  like  water  in  this  respect;  if  we  fill  a 
barrel  with  water,  there  is  greater  pressure  on  the  sides  near 
the  bottom  than  near  the  top.     A  barrel  may  be  filled  with 
water  without  bursting  at  the  bottom ;  but  if  we  insert  a 
pipe  about  15  feet  long  into  a  barrel  closed  at  both  ends, 
and  then  fill   this  pipe  with  water,   the  barrel  may  burst, 
unless  it  is  very  strong.      It  is  the  same  with  molds;  the 
deeper  they  are,  the  harder  should  the  sand  be  rammed  and 
its  support  strengthened  to  prevent  the  static  pressure  of 
the  metal  bursting  the  bottom  of  the  mold  and  letting  the 
metal  run  out.      The  extra  degree  of  hardness  at  the  bottom 
portion  of  the  mold,  as  compared  with  that  near  the  top, 
depends  on  the  power  and  time  applied  in  ramming  with 
the  butt  of  the  rammer.     The  face  of  the  mold  should  not 
differ  very  much  in  hardness  at  any  point  in  the  height  of 
the  mold.     This  evenness  is  obtained  by  treating  the  mold 
with  the  peen  in  the  same  manner  at  the  bottom  as  at  the 
top.     If  the  mold   is  very  high,  the   lower  portion  should 
be    rammed   a   little  the  harder.     By  keeping  the  edge  of 
the  butt  of  the  rammer   back   about   1   inch  from  the  fac^ 
of  the  pattern,  as  explained  in  Art.  11,  some  pretty  haro 
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>utt-ramming  can  be  given  to  the  common  sand  backing  the 
'acing  sand  without  getting  the  face  of  the  bottom  portion 
jf  the  mold  so  hard  that  the  metal  will  not  lie  against 
it.  By  butt-ramming  all  the  surface,  up  to  a  point  about 
I  inch  from  the  face  of  the  pattern,  until  it  is  hard,  it  is 
[)ossible  to  make  the  entire  face  of  the  mold  harder  than  if 
lighter  butt-ramming  was  done  close  to  the  face  of  the  pat- 
tern. Nevertheless,  this  plan  will  not  make  the  face  of  the 
mold  as  hard  as  if  greater  force  were  also  applied  to  the 
peen  when  ramming.  Castings  having  a  depth  of  4  or  5  feet 
iiave  been  made  in  green-sand  molds;  at  these  depths  the 
back  support  of  the  molds  must  be  very  rigid  and  the  ram- 
ming nearly  as  solid  as  it  can  be  made  with  the  butt.  Were 
the  upper  portions  of  such  molds  rammed  as  hard  as  the 
bottom  must  be,  the  castings  would  blow  and  scab. 

The  reason  why  the  lower  portion  of  a  mold  will  permit 
>o  much  harder  ramming  than  the  top  portion  is  that  the 
greater  pressure  of  the  metal  at  the  lower  portion  forces 
the  steam  and  gases  to  escape  through  the  pores  and  vent- 
ing of  the  sand.     At  the  top  of  the  mold  there  is  not  suf- 
ficient pressure  to  do  this.     If  a  mold  is  not  sufficiently  soft 
at  its  upper  end  to  allow  the  steam  and  gases  formed  at  the 
face  of  the  casting  to  escape  freely  through  the  facing  sand 
to  the  rear  sand  and  its  vents,  they  will  pass  out  through 
the  metal.     When  steam  and  gases  escape  in  this  manner, 
they  are  liable  to  cause  a  mold  to  blow.     This  may  result 
in  scabbing  a  casting  or  in  spoiling  it.     It  should  always  be 
remembered  that  steam  and  gases  will  pass  off  where  they 
meet  with  the  least  resistance. 


DEBP   MOLDS. 

13.  Dry  Sand  Required. — While  it  is  true  that  the 
lower  part  of  deep  molds  requires  hard  ramming  to  pre- 
sent the  molds  from  bursting  or  being  changed  materially 
from  the  size  of  the  pattern,  there  arc  conditions  other  than 
^hat  involved  in  the  ramming  that  must  be  provided  for  and 
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controlled.  In  ii.sintj  facing  s:ind  as  well  as  in  using  com- 
mon heap  sand  in  ramming  deep  molds,  the  sand  must  lie 
ist  be  freely  vented.  If 
sed  on  the  sides  of  slia!- 
p  molds,  and  rammed  as 
re  that  the  moment  the 
they  would  commence  to 
:>of,  spoiling  the  casting 


orked  as  dry 
the  damp  sand  that  can  be  safely 
low  molds  were  used  to  ram  up  d< 
hard  as  it  should  be,  the  chances 
metal  flowed  into  the  deep  molds 
blow  and  send  the  metal  to  the 
and  probably  burning  the  workmen  standing  near  by.  The 
sides  of  a  mold  may  be  rammed  much  harder  if  the  sand  is 
comparatively  dry  than  if  it  is  wet.  The  reason  for  this  is 
explained  later  on, 

14.  Venting  the  Mnld.— The  sides  of  all  deep  green- 
sand  molds  must  be  well  vented.  The  harder  the  ram- 
ming, or  the  damper  the  sand  is,  the  greater  is  the  amuunt 


of  venting  required.  There  are  several  methods  used  '" 
providing  these  necessary  vents.  Suppose  the  pallcrn  '" 
Fig.  17  to  be  bedded  In  instead  of  rolled  over,  as  W^^ 
done  in  Fig.  13.  In  ramming  the  mold,  the  same  plan  '^ 
followed  as  in  Fig.  13,  the  only  difference  being  that  th? 
courses  J,   3   and   S   are    rammed   the   hardest     being  t'** 
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uncs    th;it    must    stand    the    greatest   strain;    whereas,    thi 
courses  J,  2,  and  3,  m  Fig,  TH,   being  the  uppermost  whei 
cast,   are    rammed    the    lightest. 
In  ramming  up  the  pattern  by 
"  bedding  in,"  Fig.  17,  the  sides 
can    be  vented  in  the  following 
manner:     After    three     to     fmir 
courses    have    been   rammed, 
channel  or  groove  is  cut  oin 
the  solid  rammed  sand,  as  shnw  ;. 
by    the    letter  _;'  in     the    course 
marked  -*.  Figs.  17  and  18.    This 
done,  the  channel  is  vented  with 
two  rows  of  ^inch  vents.    These 
vents  arc  put  in  3  inches  apart 
and  are  kept  back  about  2  inches  '''°-  ^^' 

from  the  face  of  the  pattern;  their  position  is  shown  by  the 
rods  s?en  projecting  from  the  sand  at_/'.  Fig.  Ifl,  in  which 
illustration  the  molder  is  shown  in  the  act  of  venting 
with  a  vent  wrire.  Two  rows  of  vent  holes  are  shown. 
These  are  used  in  cases  where  extra  good  venting  is  re- 
quired, as  when  the  sand  is  of  a  fine,  close  grain  and  has  to 
be  rammed  hard,  or  when  it  is  wet.  When  the  sand  is 
fairly  open  in  texture,  or  when  hard  ramming  is  not  neces- 
sary, and  the  sand  is  not  too  wet.  one  row  of  vents  will  be 
snfificienl.  After  the  venting  has  been  done,  the  vt;nt 
channel  at  /  is  filled  with  cinders,  the  pattern  is  again 
banked  with  facing  sand,  and  common  sand  then  filled  in 
for  backing.  This  course  is  rammed  up  in  the  usual  man- 
ner, and  so  on  until  two  more  courses  are  completed,  when 
another  vent  channel,  as  shown  at_;'  in  the  course  marked  6, 
Fig.  17,  is  made  and  vented  as  above  described.  These 
courses  of  vents  may  be  repeated  any  number  of  times  until 
the  top  of  the  pattern  is  reached.  Some  molders  lead  the 
gases  from  these  vent  channels  y  into  straight  vent  chan- 
nels Jt  at  the  joint  of  the  mold.  This  is  a  bad  plan,  for  if 
ihere  is  any  breaking  of  joints  by  clru^vlnu:  the  pattern  or 
from  a  Htralnlnfc  of    the  cope,   allowing   large    nnit  or  a 
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run  out,  the  metal  will  run  into  the  vent  channels  at  I-  and 
fill  them  with  iron;  this  may  cause  the  Inss  of  a  casting  by 
scabbing  or  blowing.  In  most  cases  of  dcep-sidcd  molds,  ii 
is  best  to  lead  the  gases  from  courses  of  cinder  vents  up  t" 
the  joint  by  separate  outlets,  made  by  ramminy  uf>  gate 


^ 

^ 


sticks  in  a  mold,  as  seen  al  /.  Figs.  17  and  18.  These  open- 
ings should  be  placed  as  far  as  possible  from  the  face  of  the 
pattern  and  provision  made  for  conducting  the  gases  to 
ihcm,  as  shown  by  the  channel  U,  Fig.  17.  To  insure  the 
best  possible  venting,  the  molder  vents  each  course  as  it  is 
rammed  with  a  |-inch  wire.  These  fine  vents  will  give 
relief  to  the  gases  working  throiigh  ihe  sand  tu  the  large, 
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or  J-inch,  vents  shown  leading  to  the  channels  j.  Should 
these  ^-inch  vents  meet  the  pattern,  the  iron  will  not  run 
into  them  and  do  damage  as  it  would  if  the  vents  were 
\  inch. 

1 5«     Where  the  sand  can  be  worked  fairly  dry,  or  where 
it  is  of  a  very  open  texture  so  as  to  permit  the  gases  to 
pKjnetrate  for  a  considerable  distance,  the  method  of  venting 
illustrated  on  the  right  of  Fig.  17  can  be  used  with  safety. 
This  plan  consists  merely  in  using  a  ^-inch  vent  wire,  keep- 
ing it  about  2  inches  away  from  the  face  of  the  pattern, 
with   the  vents  about  2  inches  apart.     In  using  the  vent 
wire  it  should  be  passed  through  the  last  two  courses  laid, 
and  half  way  through  the  one  under  them.     This  is  repeated 
at  every  other  ramming  until  the  joint  on  top  of  the  mold 
is  reached.     In  some  cases  a  ^-inch  vent  wire  is  used  after 
ramming  every  course  and  the  ^J^-inch  vent  wire  after  every 
other  course,  as  described  above.     In  case  there  is  a  cinder 
b©d  C  under  the  mold,  the  vents  may  be  made  to  connect 
with  that  bed.  Fig.  17,  as  well  as  carried  to  the  top  joint. 

16«     Where    difficulty    is   experienced    in    venting   deep 
molds  or  long  horizontal  green-sand  cores,  the  venting  may 
be  done  in  the  following  manner:     Instead  of  using  the  or- 
dinary vent  wire  or  rod,  which  is  difficult  to  remove  if  long, 
and  which  cannot  be  removed  if  at  all  crooked,  a  vent  rod 
is    made  by  pushing  a  braided  sash  cord  through  a  piece  of 
rubber  tubing  and  inserting  the   tube   instead   of  the  rod 
vlien  making  the  core  or  mold.     The   act   of   forcing   the 
l>raided  cord  through   the   tube  pushes  the  cord  together, 
n^aking   it   somewhat   thicker,    which   in  turn   expands   the 
tiih)ing  and  makes  it  practically  solid.     When  this  vent  rod 
IS  tiobe  removed  it  is  done  by  first  pulling  out  the  sash  cord, 
^Hich  allows  the  tube  to  contract  so  that   it   may  be  easily 
rtiiTioved.      Vents    made    in    this    manner    may    be    carried 
H>ng  distances   and   even   around    considerable   bends    that 
c^xild  not  be  dealt  with  by  ordinary  methods.      The  labor  of 
Pushing  the  sash  cord  through  the  tubing  may  be  materially 
r^^uced  by  pouring  a  handful  of  fine  graphite  through  the 
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tubing  before 
with  the  same 


[itcring  tile  cord,  and.  also,  rubbing  the  cnrd 


17.  Ventlnic  Stiallo^n'er  MoldM. — Where  molds  are 
not  over  ao  inches  deep,  vents  may  be  driven  straight  from 
the  joint  after  the  cope  lias  been  lifted,  as  shown  by  the 
vent  wire  in  Fig.  18.  This  avoids  any  venting  while  ram- 
ming the  courses.  If  there  is  a  cinder  bed  under  the  pat- 
tern, the  vents  should  he  carried  downwards  lo  the  cinders, 
and  the  top  outlets  i,  Fig.  17,  can  be  stopped  up  or  dis- 
pensed with.  This  is  a  good  scheme  where  there  is  any 
liability  of  the  pattern  breaking  the  joint  and  leaving  a  fin 
while  being(|iirawn,  or  any  danger  of  the  cope  straining  so 
as  to  let  iron  run  into  the  vents  when  they  are  left  open. 

18.  Using  a  SlantlHE  Vent  Wire. — In  venting  di- 
rectly from  the  joint,  care  must  be  taken  not  to  let  large 

,,  vent  wires  that  are  driven  in  a  slanting 

/  liirectiou  strike  the  pattern,   as  dors 

vi'nl  V  in  Fig.  20,  leaving  a  sharp  point 

of  sand  at  n,  for  this  may  cause  a  slight 

blow  at  that  point  and  burst  the  vent 

hole  inwardly,  and  thus  cause  a  flaw 

that    may   spoil   the   casting.      Siicli 

slanting  vents  are  apt  lo  fill  with  iron 

and  cause  scabs,  or,  worse  still,  cause 

a   mold   to   start   blowing.     A  moltl 

would  be  far   better   without  a  «lll 

'^"'-"-  in  it  than  to  have  a  lot  of  vents  like 

those  in  Fig.  19  filled  with  iron,  as  in  such  a  case  they  only 

help  to  create  gas. 

1  9.  Clndertt  for  Vent  Channels. — In  obtaining  fliB« 
clnderii  for  filling  such  vent  channels  as  those  seen  at ^■ 
Figs.  17  and  10,  the  following  plan  is  generally  adopte<3'' 
Cinders  from  an  ash  or  coke  pile  are  first  placed  m  a  i-incfc 
riddle  that  is  shaken  to  get  the  fine  cinders  and  dust  st;[»a- 
rated  from  the  coarse  material.  The  stuff  that  slays  in  ll"^ 
riddle  is  thrown  away  and  what  has  passed  through  is  again 
riddled  through  a  J-inch  riddle.      What  passes  through  ibii 
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second  riddle  is  thrown  away  and  what  stays  in  it  are  the 
cinders  that  are  used  for  filling  the  vent  channels  aty.  In 
obtaining  such  cinders,  the  two  riddles  can,  if  desired,  be 
attached  together  and  used  at  the  same  time,  each  being 
emptied  when  full.  The  cinders  thus  obtained  will  be  of  a 
uniform  and  clean  character. 


BXAMPLB   ILLUSTRATING  »RBP  MOLniNG. 

20.  The  Pattern. — The  pattern  shown  in  Fig.  21 
illustrates  a  number  of  points  that  should  be"  observed  in 
deep  molding,  and  would  be  an  excellent  example  for  a 
beginner  to  practice  on.  ^  h  9 
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This  pattern  gives  suf-     "'•o*'^ 

ficient  depth  for  three 

courses     of     ramming, 

and    will    afford    good 

practice  in  learning  to 
ram  evenly.      This  pat- 
tern can  be  molded   in 
a  flask  and   then  rolled 
over,  as  in   Fig.  13,   or 
it  can  be  bedded  in,  as 

in  Fig.    1:.      The    pat-      I — '/s"- ^^"^      ^' 

tern    is    made    with    a  ^»^-  2t. 

good  taper  to  facilitate  its  being  drawn  from  the  sand. 
This  taper  or  reduction  in  size  of  the  pattern  as  it  recedes 
^rom  the  face  is  called  draft.  For  convenience  in  handling 
the  pattern  while  drawing  it  from  the  sand,  iron  draw-pieces, 
called  draw-irons,  may  be  screwed  to  the  pattern,  as  shown 
^t^.  The  purpose  of  groove  d  is  to  allow  the  casting  to  be 
easily  broken ;  this  groove  provides  a  little  irregularity  in 
tne  pattern  that  will  the  more  thoroughly  test  one's  ability 
to  ram  evenly. 

21.     Making  tlic  Kowel. — The  principles  involved  in 
ramming  and  venting  the  sides  of  deep  patterns  have  been 
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described  and  illustrated  in  Arts.  lO  lo 
detail  of  ramming   np  the  nuwcl  will   be  ■. 


na.  n. 


shows  iht  nowel  rammtid  up,  the  bottom  board  bedded  on 
solidly,  and  all  clamped  together  ready  to  roll  over.     Fig.  -■! 


shows  tlir  flask  rolled  over,  the  mulding  board  removed,  3°^ 
the  nioldcr  making  the  joint  by  ntucklns   tl  over  6tm 
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vith  a  trowel.  After  the  joint  is  thonmghly  sleeked  so  as 
o  give  the  sand  a  fine  finish,  a  brush  is  used  to  free  the 
.urf.ice  of  all  dust. 

22.  PartlUE  Sand. — The  joints  having  been  thus  fin- 
ished, partlnic  sand  is  shaken  from  the  hand,  as  seen  in 
Fig.  2-1,  in  such  a  manner  as  to  distribute  it  evenly  over  the 
joint.   The  use  of  parting  sand  is  to  cover  the  joint  with  some 


material  that  is  not  adhesive,  so  that  when  it  is  spread  be- 
tween the  bodies  uf  damp  sand,  it  will  allow  them  to  separate, 
without  pieces  of  one  body  adhering  to  the  other.  Material 
(»r  making  parting  sand  is  generally  obtained  in  foundries 
fiom  the  fine  dry  sand  that  sticks  to  the  surface  of  castings 
"eiiirc  ihey  are  cleaned.  All  the  clay  contained  in  this 
^»Dcl  has  been  burned  bard,  and  for  this  reason  when  placed 
'"^Iwuen  two  damp  bodies  of  green  sand  it  will  prevent  their 
*'""king  together.  Another  kind  of  parting  sand  is  obtained 
"y  using  fine  grades  of  lake,  river,  or  seashore  sands  that 
"avc  hcen  dried  on  a  plate  over  a  hot  fire.  Before  using 
this  shore  sand  or  the  dry  burned  sand  from  castings,  it  is 
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passed  through  a  sieve  as  fine  as  can  be  used — in  smne  cases 
a  flour  sieve. 

23.  Rammlne  the  Copc^After  the  joint  is  made 
and  covereil  wilh  parting  sand,  the  cope  h  put  on  and  the 
pins  or  patterns  for  forming  the  gates  are  set  ready  for 
ramming,  as  shown  at  c  and  /.  Fig.  25.  While  ramming 
the  nowel,  the  pattern  g^  for  the  horn  gate  was  put  in  place, 
as  shown  in  Fig.  25.  This  form  of  gate  is  used  to  introduce 
the  metal  near  the  bottom  of  the  mold.  Before  the  cope  is 
put  on,  its  bars,  },  S,  and  3,  are  ihorpughly  wetted  i 


water,  to  make  the  sand  stick  to  them.  It  the  sand  is  mit 
of  such  a  loamy  nature  as  to  hang  well,  a  clay  or  loam  wash 
or  a  thin  flour  paste  is  often  used  instead  of  water  on  the 
face  and  sides  of  the  bars.  After  the  cupe  is  in  place,  a 
facing  of  molding  sand  is  then  sieved  over  the  joints  to  » 
depth  of  from  tV  to  J  inch.  After  this,  a  riddle  is  used  ii' 
filling  the  cope  to  a  depth  of  about  2  inches.  This  opcni- 
tion  is  followed  by  tucking  the  sand  under  the  bars  with  ihc 
fingers  of  each  hand,  until  the  sand  is  as  solid  as  the  fingers 
can  ram  it.      Uiiriddled  sand  is  llien  filled  into  ihc  cope  to 
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the  level  of  the  top  i»f  the  bars.  The  peeti  end  of  the  ram- 
mer is  now  used  to  rara  the  sand  firmly  between  the  various 
bars,  which  will  pack  the  sand  to  about  the  level  seen  between 
bars  /  and  2,  It  is  very  important  to  peen  the  first  course 
thoroughly,  for  if  this  is  not  done,  there  are  liable  to  he  soft 
spots  in  the  face  of  the  mold  under  the  bars;  or  the  sand  at 
the  bottom  of  the  bars  may  be  so  soft  as  to  drop  out  when 
lifting  off  or  closing  the  cope.  After  the  first  course  of 
sand  is  thus  peened  between  all  the  bars,  more  common 
sand  is  filled  in  and  heaped  above  the  level  of  the  bars,  as 
seen  between  2  and  S,  This  done,  the  peen  is  again  used  to 
rara  the  second  course  of  sand  between  all  the  bars.  Less 
care  and  time  can  be  spent  on  peenlng  this  second  course, 
because  the  butt  of  the  rammer  is  to  follow  the  second 
peening.  In  peening  the  first  course,  the  peen  should  be 
directed  in  such  a  way  as  lo  pack  the  sand  under  the  bars, 
as  seen  at  d.  When  both  courses  have  been  peened.  the 
butt  of  the  rammer  is  used  lo  ram  down  the  mounds  of 
sand  between  the  bars,  as  between  2  and  3,  The  butt  is 
struck  down  solidly  to  pack  the  sand  between  the  bars. 
With  the  first  course  it  is  important  that  it  be  firmly 
peened  to  keep  it  from  dropping  out,  and  this  is  also  true 
as  regards  the  butting,  for  if  that  is  not  done  firmly,  the 
cope  is  liable  to  drop  out. 

In  ramming  the  cope,  care  must  be  taken  not  to  strike 
the  bars,  as  that  might  loosen  the  sand  and  cause  it  to  drop 
out  when  lifting  off  the  cope  or  closing  the  mold.  After  the 
cope  has  been  rammed,  any  excess  of  sand  is  removed  by 
striking  off  the  top  of  the  mold  with  a  piece  of  board  or 
with  the  handle  of  the  floor  rammer.  The  mold  is  then 
vented  with  a  J-inch  wire,  the  vents  being  about  2  inches 
apart  all  over  the  area  covered  by  the  pattern.  This  done, 
the  sprue  ]iin  f  In  the  pouring  gate  and  riser  pin/are  with- 
drawn. Then  the  lops  of  both  gate  and  riser  are  reamed 
out  funnel  shaped,  and  all  loose  sand  firmly  tamped  down 
with  ihc  fingers  and  then  dampened  lightly  with  the  swab, 
so  thai  in  pouring  the  metal,  it  cannot  wash  any  dry  dust 
or  sand   into    ihe   mold   along   with   it.      The   mold  is  now 
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ready  to  have  the  cope  lifted  off,  which  is  done,  and  the  cope 
placed  on  any  suitable  support,  as  the  bor  shown  in  Fig,  3G. 
24.  Ventlnjc  tlie  Nowel. — After  the  cope  is  lifted  off, 
the  parting  sand  is  carefully  brushed  off  the  joint,  and  the 
joint  "swabbed,"  care  l>eing  taken  not  to  get  too  much 
water  on  it  around  the  edges  of  the  pattern.  This  done,  a 
^inch  vent  wire  is  used  to  vent  the  sides  opposite  the  pla 


marked  /;,  /;  in  Fig.  2(1,  and  a  groove  is  run  from  each  ven' 
to  the  outside  of  the  mold.  It  will  be  noticed  that  Ihi* 
method  of  leading  away  the  gases  from  the  joint  differs 
from  that  illustrated  in  Fig.  18. 

In  the  case  of  molds  having  joints  that  are  liable  t"  be 
broken  in  drawing  the  pattern,  the  method  of  venting  jnsl 
described  should  be  used,  because  if  the  iron  should  gel  "> 
the  joint  at  any  one  point  of  a  vent  channel,  as  at  i%  Fig.  !"• 
it  might  readily  fill  all  the  vent  holes. 

25.  nrawlnic  tbe  Pattern  nnd  Flnlshlntc  ■>■« 
Mold.— After  the  mold  is  vented,  the  pattern  is  loosened 


^1 

■4 

|35                           POUNDRY  WORK. 

T^ 

:ljy  rapplnfc.     This 

is  accomplished   by  plac 

ing  a  pointed          ^^H 

iron  bar  in  the  rapping  holes  t^hown  at  c. 

%  Fig.  21,  and          ^H 

rapping  it  with  an  i 

on  bar  or  a  hammer.    Th 

s  done,  lifting           ^^| 

hooks  are  placed  in 

the  holes  d  of  the  draw 

irons  and  two          ^H 

Tnen  gradually  start  the  pattern,  each  of  them  holding  a          ^^| 

lifting  hook  in  one 

hand  and  in  the  other  a 

hammer,  with          ^^H 

which  they  tap  the 

pattern  lightly  on  the 

draw-plates  r,           ^^H 

Fig.   21.     Care  must  then  be  taken  to  brin 

g  the   pattern           ^H 

up  steadily  until  it 

5  out  of  the  mold.      Aft 

er  tiie  pattern            ^H 

lias  been  drawn  ou 

t,   the  horn  gate  g.   Fig. 

S3,   is  drnwJL             ■ 

The  trowel  is  next  used  to  press  down  any  portion  of  the           ^^| 

joint  that  may  have  been  started  in  drawin 

^  the  pattern,             ^^| 

to  smooth   up   the 

cope   part  of   the   mold. 

The    top    of            ^H 

the    p<Juring  gate 

and    riser    are    then  reamed  out  fminel             ^^| 

shaped.     Should   any   dirt    have    fallen   into 

the                  a            ^H 

lirt«r  (see  Fig.  41 

{(■)]   is  passed   into  the 

mold  and  the           ^| 

dirt  removed. 

■ 

26.     CloHioK  a 

nd  Ciistlnic  tUc    Mold. 

-The  mnl.l                 H 

n..w  closed  and  clamped   with   Iw..  clamps 

as  shtnvn  at             ^| 

t'  and  j.  Fig.  27. 

■ 

It  is  now  ready  for 

■ 

casting,    which   is 

■ 

done  by  two  men 

A              ■ 

tii^Uling   the   ladle 

-y^w' tHtI 

and    pouring    the 

fl^ 

mold,  whileathird 

m^^m  ^  l^at^ 

Jt^m 

■mc  is  skimming. 

r*an/ 

Hnltcn    ir.in    al- 

i       -^.V^W                    ■ 

*»ys    contains 

Hl^^^Ar        ^1 

nwrc  or  less  scum 

^fvP-M^ 

^Ei^O        .^1 

Of  dirt,  which,  if 

^HiiHk-.        ^H 

allowed  to  pass  in- 

'^^^^mk 

^HiiHsi.^       ^1 

to  tlie  casting,  will 

HBh^^'  '     ^1 

•^kB    flaws    that 

JjHfc^p'""*  ■?^^p^ 

J^^P^-;  *■         ^H 

*'ll   impair    its 

^1 

^treni-th   and    fin- 

P:o. !7, 

^H 

ish.  :Lr.d  m.-.y  even 

c.-mse  its  loss.     For  tfii 
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molten  iron  is  being  poured  from  a  ladle,  a  skimmer  should 
always  be  used  to  hold  back  the  dirt. 

27.     Shaking  Out  the  CastlnK. — About  30  minutes 
after  the  casting  has  been  poured,  it  can  be  shaken  out) 

which  means  that  the  cope 
may  be  taken  off  the  nowel  and 
the  nowel  itself  removed  from 
the  mold,  care  being  taken  not 
to  disturb  the  sand  about  the 
casting.  After  some  hours 
the  casting  may  be  removed 
;  from  the  sand,  when,  with  the 
gate  and  risers  attached,  it 
^'°-  ^  will    appear    as    in    Fig.    28. 

The  horn  gate  is  shown  at  ^,  the  straight  portion  of  the 
gate  at  t,  and  the  riser  at_/.  The  pouring-gate  horn  can  be 
freed  from  the  casting  with  a  fair  blow  of  a  hammer  held 
as  shown  in  Fig.  44.  When  the  gates  are  removed  and  the 
casting  cleaned,  the  job  is  finished.  By  measuring  the 
thickness  of  the  casting  at  the  top  and  bottom  and  compar- 
ing the  difference  with  the  difference  existing  in  the  pat- 
tern, the  maker  can  tell  how  near  his  ramming  came  i" 
preventing  any  distortion  of  the  casting  due  to  the  pressure 
of  the  metal  in  the  mold. 


ALLO\VANCB  IN   PATTERN   FOR   niSTORTIOIV. 

28.  While  it  is  true  that  hard  ramming  tends  to  decrease 
tlie  amount  of  distortion  that  occurs  in  the  lower  part  of 
deep  molds,  it  is  nevertheless  impracticable  to  ram  very 
deep  molds  hard  enough  to  prevent  more  or  less  distortion- 
Few  experienced  nioldcrs  ram  alike,  and  so  some  produce 
castings  more  distorted  than  others.  No  definite  rule  can 
be  given  for  the  allowance  to  be  made  for  distortion  in  deep 
castings  due  to  the  straining  of  the  mold  on  account  oi 
the  great  ]»ressure  in  the  lower  part  of  the  mold.  la  iht' 
case   of  experienced  molders  who  are  recognized  as  hard 
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rammenE,  an  allowance  of  y,  of  an  inch  per  fool  would  be  suf- 
Bcicnt,  while  equally  experienced  men  who  do  not  ram  iheir 
tndids  as  hard  might  require  an  allowance  nf  ^"j  of  an  inch 
per  foot.  In  the  case  of  a  pattern  5  feet  deep,  if  an  allow- 
ance of  ,'j  inch  per  foot  were  made  it  would  decrease  the 
flimension  <>f  the  pattern  at  the  bottom  of  the  mold  ,*j,  of 
an  inch.  From  this  it  will  be  seen  that  the  allowance  for 
distortion  tends  to  give  draft  to  the  pattern.  Where  the 
conditions  are  all  known,  it  is  possible  to  produce  practically 
parallel  castings  from  a  tapered  pattern,  the  distortion  due 
to  the  straining  of  the  lower  portion  of  the  mold  just  neu- 
tralising the  amount  of  draft  necessary  on  the  pattern. 


SHALLOW    MOLDS. 

29,     Ramming  n   Plat  Surface. — The   molding  and 

casting  of  a  square,  fiat  plate,  about   10  inches  square  and 

inch  thick,  is  illustrated  and  described   in   Arts.   29  to 

35.     In   ramming  flat  or  plate  surfaces  like   the  pattern 


shown  at  P,  Fig.  29,  the  peen  a  should  never  be  used  over 
Ihe  face  of  the  pattern  during  the  ramming  of  the  first 
Worse;  if  this  is  done,  it  causes  uneven  ramming  and  may 
"lake  hard  spots  in  the  mold,  and  so  cause  scabs  or  indenta- 
li'ms  that  may  spoil  the  casting.  In  the  case  of  flat  or 
P'ate  work,  the  sand  is  rammed  up  in  courses  from  4  to 
S  inchns  thick.     The  operation  of  Ntrllclnt;  off  the  nowel  is 


iwn  in  Fig.  30.    The  sand  liiiving  heen  struck  off  as  shown, 
:;  hand  is  then  used  to  sprinkle  molding  sand  to  the  depth 


of  about  i  inch  all  over  the  surface  of  the  struck-off  sand, 
as  in  Fig.  31.  This  is  done  to  allow  ilic  bottom  board  tobr 
rubbed  down  to  a  solid  bearing  nbca  in  place,  as  in  Pig.  32. 


Fic.  32.  FtO.  at. 

30.     VentInK    the    Noweli— After  the   bottom  t 
has  been  bedded  on  solidly  it  is  taken  off  again  and  a  rod, 
rammer,  or  strike  is  used  to  fcirni  creases  or  indentations  fn  y 
the  sand,  as  shmvn  at  ir.  Fig.  :t:!       These  creases  arc  pl.K 
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J  that  the  nowel 


about  It  inches  apart  and  permit  the  gases  from  the  i-iruh 
under  venls  to  escape  along  the  lace  of  the  bottom  board 
when  the  mold  is  being  poured. 
The  vent  passages  having  been 
made,  as  at  a,  a  ^-inch  vent  wire 
I'jstbenused,  in  the  manner  shown 
at  i,  to  vent  the  nowel  all  < 
the  surface  covering  the  patlci 
The  vent  wire  should  not 
driven  down  until  it  strikes  t 
nattem;  if  it  comes  within  J  in 
bf  the  face  of  the  pattern,  it 
Bufficient.  The  entire  area  over 
the  pattern  having  been  vented, 
the  bottom  board  is  replaced  and  clamped 
may  be  rolled  over,  as  shown  in  Fig.  34. 

31.  VentlnE  the  Cope. — The  nowel  being  rolled  over. 
the  joint  is  prepared  as  described  in  Arts.  21  and  22. 
The  cope  is  then  put  on 
and  the  sprue  pins  for  form- 
ing the  pouring  gate  and 
riser  set  in  place,  as  shown 
at  c  and  /,  Fig.  35.  After 
this,  sand  is  sifted  on  to  the 
face  of  the  pattern  lo  a 
depth  of  about  J  inch;  the 
cope  is  filled  with  heap  sand, 
rammed  as  described  in 
Art.  23.  and  vented  over 
the  part  above  the  pattern 
with  a  4-inch  vent  wire.  It 
is  then  lifted  off  and  fin- 
ished with  a  trowel  ready 
for  closing. 

32.   liiwabH and  Snab- 

IdnjE-  — The    cope    having 
rushed  off  and  dampened  with 
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the  »wab  shown  in  Fig.  ;j(i  (ii).  TUe  swab  is  dlpiitd  iti 
water  and  then  lightly  squeezed  uut,  after  which  it  is  passed 
over  the  joint  as  shown  in 
1"«v  F'g-  37,  care  being  taken  not 
to  get  the  sand  loo  wet  along 
the  joint  between  the  pallcrn 
and  sand.  Where  delicate  swah- 
bing  is  rpquircd,  ns  in  brnch 
molding,  or  the  wetting  of  small 
f  sand,  a  sponge  with 
■  long  thin  nail  passed 
it,  Fig.  3r.  {I),  is  often 
the  manner  shown  in 
The  sponge  holds  the 
■zed  out  wiih 


water  nntil  sqi 

the  hand,  and  the  wire  or  nail 
directs  the  water  to  the  spot 
to  be  damjiened.  In  making 
L-c  of  fine  grade  long-fiber  hemp 
form  a 


mile,  and  the  other  end  "teased  out"  by  pulling  it 
"oiigli  a  comb  made  by  driving  some  nails  through  a 
ird  and  allowing  the  points  lit  extend  beyoinl  the  boanl. 
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I  While  in   use  the  btiard  forraing  ibc  <:omli  nuv  Ik  fastrnnl 
1  bench  or  tabic.     In  making  ^uch  svate,  s»tiic  mvkldcrs 


a»e  a  fine  string  that  will  not  unravel  in  water  nr  when 
diunpenetl.  This  string  is  cut  into  lengths  of  aliont  I  fi-ot 
and  a  bunch  of  them  tieil  at  one  end  to  form  a  h^tndli!,  as 
described. 


Fig,  X. 
Kappinir  and  llraw-PlatcM.- 
appcd    liy  pull 


3:*. 

bas  been  swabbed, 
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of  a  bar  that  has  been  introdiired  into  a  hole  in  the  rap- 
ping [)late,  as  shown  in  Fig.  31).  It  is  better,  however,  t'l 
have  two  holes  in  the  rapping  plat«,  one  (or  the  rop- 
plniE  bar  and  the  other  for  the  draw-screw.  Sonic 
persons  make  the 
draw-screw    serve    for 


both 


this 


may  answer  where 
the  patterns  are  light, 
but  for  large  patterns 
there  should  be  a  rap- 
ping hole  as  well  .is  a 
draw -screw  hole.  If 
the  screw  hole  is  mailf 
to  serve  for  the  rap- 
ping hole  also,  the 
thread  in  the  screw 
plate  issoondeslroyeil, 
"'*■  *■  even  if  the  rapping  is 

done  on  the  screw  drawlne-lrnn.  Too  much  care  can- 
not be  taken  to  have  good  arrangements  for  rapping 
and  drawing  patterns, 
for  this  not  only  pre- 
vents the  wear  of 
the  pattern,  but  also 
saves  labor  in  molding. 
After  the  pattern  has 
been  loosened  by  rap- 
ping, it  is  drawn  by  in- 
troducing the  tlraw- 
nall  or  draiv-lroii, 
as  shown  in  Fig.  40. 
While  drawing  the 
pattern  it  should  be 
rapped  gently,  as 
shown  in  the  figure. 
The  rapping  plate  on 
the    pattern    sho' 


lacU'  large  enough  tc 
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conLiiin   two  luiles,   one  for  the  draw- 
rapping  bar. 


34.     Cutting 
the    Gate  a    and 

Riser. —The  pat- 
tern having  been 
rappeii  and  drawn, 
the  mold  is  then 
finished  with  the 
trowel  and  the 
double  ender,  the 
latter  tool  being 
shown  at  (d)  in 
Fig.  41.  The  gates 
for  connecting  the 
sprue  and  riser  with 
cuttter.    The  form 


If  this  is  not  done,  the  iron,  when 
will  carry  dirt 


mold  are  cut  by  means  of  a  Kate 
of  gate  culler  illustrated  at  Fig.  41  {a) 
consists  of  a  thin  blade  of 
brass  or  steel  bent  to  the 
required  form  and  pro- 
vided with  a  handle.  An- 
other form  of  gate  cutter 
is  shown  in  use  in  Fig.  43. 
This  form  of  cutter  con- 
sists of  a  thin  sheet  of  tin 
or  brass  bent  to  the  re- 
quirt-d  form  and  is  used 
as  bhown  in  the  illustra- 
tion After  the  gates  / 
are  cut  to  the  bottom  of 
the  sprue  or  riser  (-, 
Fig  42  they  should  be 
smoothed  firmly  with  the 
fingers  so  as  to  press 
down  all  the  loose  sand, 
inning  through  them, 


■  the  < 


ng.     Before   smoothing  down 
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the  pouring  gates,  it  is  well,  with  some  molding  sands,  to  wet 
the  top  edge  of  the  gates  by  carefully  using  a  swab  or  sponge 
as  shown  in  Fig.  38.  In  using  water  in  this  way  around 
gates,  extra  care  must  be  exercised  not  to  make  any  portion 
of  the  sand  too  wet;  for  this  might  cause  the  iron  to  blow 
as  it  passed  into  the  mold,  and  result  in  spoiling  the 
casting. 

35.     CloslHK   and   Pouring   the    Mold. — The   mold 

having  been  finished,  it  is  closed  and  the  flask  clamped 
ready  for  being  poured,  as  shown  in  Fig.  43.      In  twenty 

minutes  after  the  casting  is  poured,  the  cope  and  nowel 
may  be  removed.     After  a  few  hours,  or  on  the  following 


day,  the  casting  may  be  taken  from  the  sand,  when  it  *'" 
appear  as  in  Fig.  44,  which  shows  how  the  pouring  gate  ano 
riser  are  connected  with  tlic  casting.  After  the  casting  '* 
colli,  the  gale  and  riser  are  knocked  off  by  using  a  hammer 
as  shown  in  the  upper  left-hand  portion  of  the  illustralioni 
and  the  casting  is  then  cleaned  up,  thus  finishing  the  job- 
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MOLDING   BY   "  BEDDING   IN." 


LfCVBLING. 

36.  Having  described  the  casting  of  flat  surfaces  in 
green  sand  by  "rolling  over."  we  shall  now  deal  with  the 
making  of  a  casting  by  "bedding  in."  A  bed  fora  flat  plate 
may  be  made  at  the  top  of  the  molding  floor  or  at  any  de- 
sired depth  below  it.     In  any  case,  it  will  be  necessary  to 


^^rA 


have  some  guide  to  form  the  bed;  this  guide  generally  con- 
sists of  strni  tell  ted  )ce»,  arranged  as  shown  at  a.  b.  and  r. 
Fig.  45, 

III  Ivvcllns  up  tliu  straightedges,  the  first  ont-  n  has  a 
mound  nf  sand  placed  under  each  end,  so  as  to  keep  its 
under  edges  free  from  the  floor,  and  the  straightedge  is 
made  as  nearly  level  as  the  eye  can  judge.  A  spirit  level  is 
then  placed  on  the  straightedge  and  ihc  high  end  driven 
down  with  a  wooden  mallet  or  a  hammer,  the  pounding 
being  done  on  a  block  of  wood  (to  prevent  the  hammer  mar- 
ring the  face  of  the  straightedge)  as  in  Fig-  41.  The  next 
step  is  to  set  the  straightedge  h  in  place  on  two  mounds  of 
sand,  as  was  done  with  n,  setting  it  by  eye  as  nearly  true 
with  a  as  possible      Nt-xt,  the  straightedge  c  is  placed  on 
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the  ends  of  a  and  *,  Fig.  45,  and  the  spirit  level  used  to 
bring  the  ends  of  i  on  a  level  with  a.  This  can  be  done  by 
first  bringing  one  end  of  A  to  the  level  of  a  by  using  tht 


straightedge  c  as  shown,  and  then  carrying  c  to  the  other 
end  and  repeating  the  operation.  Still  another  plan  to  get* 
true  with  a  is  to  use  c  as  shown,  and  then  remove  the  spirit 
level  from  c  to  d  and  raise  or  lower  the  end  of  d  as  may  be 
found  necessary. 

It  must  be  remembered- that  both  edges  of  the  straight- 
edge c  must  be  parallel;  this  is  not  necessary,  however,  in 
the  case  of  a  and  d,  the  upper  edges  only  of  these  two  being 
required  to  be  true.  These  straightedges  should  have  a 
hole  in  one  end  so  that  they  can  be  hung  up  when  not  in 
use,  and  not  left  lying  around  on  the  floor,  where  they  are 
liriblc  to  have  their  edges  injured  or  to  be  bent  or  warped 
from  irregular  exposure  to  dampness  and  uneven  supports. 


MAKING  THE  BED. 

37.     General  Remarks.  —  The  straightedges  having 

been  leveled  as  described,  the  work  is  proceeded  with  ac- 
cording as  the  thickness  of  the  casting  to  be  made  require* 
the  bed  to  be  hard  or  soft.  In  pouring  castings  in  op*" 
sand,  that  is,  pouring  flat  plates  without  a  cope  covering.^ 
soft  be«l  is  generally  used.      The  bed,  when  down  or  uudw 
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vents  are  not  used,  must  be  soft  in  order  to  permit 
the  gases  to  escape  freely  from  the  sand,  for  there  is  no 
head  pressure  of  metal  on  the  bed  to  drive  out  the  gases,  as 
there  is  when  a  plate  casting  is  poured  through  a  cope.  In 
the  latter  case,  the  bed  is  generally  made  hard  in  order  to 
withstand  the  head  pressure  of  the  metal.  Much  more  labor 
is  required  in  making  a  hard  bed  than  a  soft  one. 

3S«     Maklns  a  Soft  Bed. — In  making  open-sand  plate 
castings,  the  bed  has  to  be  softer  for  a  casting  ^  inch  to  1  inch 
thick  than  for  one  whose  thickness  is  from  1^  to  3  inches. 
The  reason  of  this  is  that  the  thicker  the  casting,  the  greater 
is  the  pressure  exerted  by  the  metal  on  the  bed,  tending  to 
drive  the  gases  downwards  into  the  lower  part  of  it,  or  to 
cause  them  to  escape  outwards  at  its  sides.     The  same  de- 
gree of  softness  necessary  for  the  thin  plate  may  sometimes 
be  used  for  a  thick  one;  but  the  harder  the  bed  can  safely 
be  made,  the  better,  as  this  prevents  the  weight  of  the  pat- 
tern, or  of  any  other  light  body,  making  impressions  on  it 
and   causing  an  uneven  face  on    the  casting.      Although, 
however,  it  is  well  to  have  a  bed  as  hard  as  practicable,  still 
the  danger  of  going  too  far  in  that  direction  makes  it  desir- 
able to  have  the  bed  too  soft  rather  than  too  hard.     By 
using  care  in  smoothing  soft  beds  with  the  trowel  and  in 
laying  on   the    patterns,   a  casting  can   be  produced   with 
almost  perfectly  true  surfaces.      In  starting  to  make  a  bed 
after  the  straightedges  have  been  leveled  up,  sand  is  tucked 
solidly  under  a  and  ^,  Fig.  45,  so  as  to  prevent  the  pound- 
ing action  of  the  straightedge  c  from  disturbing  their  level. 
After  this  is  done,  sand  is  shoveled  on  both  the  inside  and 
outside  of  a  and  d  until  it  is  level  with  their  top.     The  sand 
<^n  the  outside  is  then  packed  down  with  a  butt  rammer  or 
^ith  the  feet,  to  prevent  the  pressure  of  sand  on  the  inside 
^^«and  b  from  pressing  them  outwards. 

Next,  the  straightedge  c  is  used  to  strike  off  the  sand 
'^vel  with  the  top  of  a  and  /k  Sand  that  has  been  passed 
through  a  ^J^-inch  riddle  is  now  spread  over  the  faee  of  llic 
"^d  to  a  depth  of  about  f  inch,  and  then  a  flat  piece  of  wood 
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or  iron  about  S  inchus  long  is  placed  on  each  of  the  straight- 
edges. These  pieces  d  and  c,  Fig.  47,  should  be  from  ^  inch 
to  \  inch  thick,  according  to  the  desired  hardness  of  the 
bed — the  thicker  the  piece,  ihc  harder  will  be  the  bed  pro- 
duced.     On  top  of  d  and  €  is  laid  the  straightedge  c\  a.  man 


A 


is  then  stationed  at  each  end,  holding  the  pieces  d  and  t  ami 
also  one  end  of  c.  These  men  then  pnll  the  straightedges 
and  the  pieces  (/  and  e  along,  sweeping  to  the  end  of  ihe 
bed  all  sand  that  lies  above  the  level  of  d  and  f.  This 
leaves  a  body  of  sand — the  thickness  of  the  pieces  (/and  (  — 
projecting  above  the  level  of  the  straightedges  a  and  A 
which  sand  is  next  pounded  down  to  the  level  of  a  and  b  Lj' 
means  of  the  edge  off.  To  do  this,  a  man  holds  one  end  of  > 
down  on  one  of  the  straightedges  a  or  b.  while  another  man 
raises  the  other  end  from  4  to  (J  inches  and  brings  it  (!o»n 
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n  has  gone  a  distance  of  abc)ut  12  inches,  he  returns  about 

I  half  way  to  his  starting  place  and  holds  his  end  of  c  down 

un  the  under  straightedge,  a  or  ^  as  the  case  may  be,  while 

the   opposite   man  raises  the  other  end   of  c   and  pounds 

down   the  sand  on  his  side.     This  operation  is  continued 

I  by  the  two  men,  aiternalcly,  until  the  whole  surface  of  the 

I  raised  sand  is  pounded  down  to  a  level.     When  the  bed  has 

been    thus   gone  over,   its  surface  will  present  a  series  of 

imprints    of  the  straightedge  c.      To    remove    these  marks 

the  straightedge  c  is  dragged  in  a  seesaw  manner  across  the 


r^M 


Plo   «S 

face  of  the  bed,  as  in  Fig.  43,  each  man  being  careful  to 
have  every  stroke  a  forward  one.  If  Uiis  is  not  done,  marks 
c^iused  by  the  backward  motion  of  the  straightedge  would 
be  left  on  the  surface,  while  the  portion  that  was  done 
Uniperly  would  be  smooth.  The  portion  of  the  bed  shown 
in  Fig.  49  which  is  nearest  the  straightedge  has  been  done 
pr<»perly,  while  the  portion  near  the  front  of  the  illustration 
has  been  struck  off  with  allernate  forward  and  liucfcward 
movements  of  the  straightedge  so  as  to  leave  ridges  of  sand 
on  the  bed. 

To  accomplish    this   forward  movement   requires  a  little 
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practice,  as  it  is  rather  difficult  U>  have  every  mnvemcnt  a 
forward  one  while  seosawii.g  the  face  of  the  l)ed.  If  the  fate 
of  the  bed  is  struck  off  by  a  straight  puH,  not  only  will  the 
surface  be  left  ruugh,  hut  the  operation  is  apt  to  hxjseii  the 
face  of  the  pounded  sand  from  the  underlying  soft  body,  so 
that  when  the  metal  runs  in  over  the  sand,  it  is  liable  to 
loosen  or  lift  the  sand  in  such  a  way  as  to  cause  a  rrmgh  and 
scabby  casting.  After  the  bed  has  been  struck  off  as  de- 
scribed, a  fine  sieve  is  used  to  shake  a  very  thin  coating  of 
sand  evenly  over  the  face  of  the  bed.  A  trowel  is  then  used 
to  smooth  down  the  sieved  sand,  after  which  the  bed  is  ready 


isn^^. 


and  the  raoldi 
moid  with  sand,  and 


proceed  to  build  up  the  sides  of  the 
;o  give  any  shape  required  in  the  cast- 
ing. A  clear  idea  of  this  may  he  gained  Irom  Fig.  50.  which 
shows  a  man  packing  Hund  against  the  side  of  the  pat- 
tern P  in  such  a  manner  as  to  form  the  sides  of  the  moid. 

The  sides  having  been  built  Up  as  described,  a  pouring 
baHfn  g  is  made,  and  then  the  mold  is  ready  to  have  the 
metal  poured  into  it.  For  pounding  down  with  the  straight- 
edge c,  some  molders  use  a  sharp  grade  of  Imnk  or  river 
sand,  alone  or  mixed  with  common  heap  sand.  This  is  only 
necessary  where  the  molding  sand  proper  is  of  a  close,  Adc 
grain,  as  such  fine  sand  is  liable  to  cause  scal)s  on  account  of 
its  not  being  sufficiently  open  to  permit  the  gases  created 
at  the  face  of  the  bed  to  escape  dovpnwards  freely. 

Where  sharp  sand  is  used  to  form  the  face  of  the  bed,  it 
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may  be  omitted  in  front  of  the  pouring  basin,  and  this  place 
filled  in  with  a  stronger  and  closer  grained  sand,  as  shown 
at  the  light  spot  marked  //,  Fig.  50.  For  this  purpose  some 
molders  use  ordinary  molding  sand,  or  a  regular  facing  sand, 
which  is  made  by  mixing  sea  coal  with  molding  sand,  in 
front  of  the  pouring  basin,  in  place  of  the  ordinary  sand  just 
mentioned.  The  reason  for  using  a  stronger  grade  of  sand 
in  front  of  the  pouring  basin  is  that  the  metal,  when  flow- 
ing from  the  basin  on  to  the  face  of  the  bed,  is  liable  to 
break  the  latter  where  the  sand  is  weak,  so  as  to  cause  it  to 
be  washed  in  along  with  the  metal,  the  result  being  a  rough 
or  scabbed  face  (on  the  casting)  in  front  of  the  pouring 
basin. 

The  subject  of  venting  open-sand  beds  will  be  treated 
later  on. 

39.  Thickness  of  Open-Sand  Castinfirs. — The  thick- 
ness of  open-sand  castins^s  is  determined  by  the  thickness 
of  the  piece  P  used  in  building  up  the  sides  of  the  mold, 
Fig.  50,  by  the  fluidity  of  the  metal  when  pouring  the  cast- 
ing, and  by  the  judgment  of  the  molder  in  deciding  when 
sufficient  metal  has  flowed  into  the  mold.  An  iron  that  is 
dull,  or  not  very  fluid,  will  readily  pile  up  in  an  open-sand 
mold,  so  as  to  be  from  ^  inch  to  \  inch  thicker  at  the  center 
than  at  the  sides  of  the  mold,  for  which  reason  it  is  difficult 
to  obtain  open-sand  castings  within  J  inch  of  any  specified 
thickness.  To  attain  even  this  accuracy,  the  metal  used 
should  be  very  fluid. 

40.  Venting:  Soft  Beds. — When  soft  beds  are  made 
as  here  described,  and  the  castings  (where  more  than  one  is 
placed  on  the  same  bed)  are  8  to  VI  inches  apart,  they  will 
seldom  require  any  venting,  except  when  it  is  necessary  to 
use  fine  grades  of  sand.  In  such  cases  vents  may  be  made 
as  described  later  on  in  connection  with  Figs,  ol,  53,  and  58. 
Where  floor  space  is  limited  so  that  open-sand  castings  must 
be  placed  close  together,  say  2  to  4  inches  apart,  it  may 
suffice,  where  open  grades  of  sand  are  used,  to  drive  a  row 
of  vertical  f-inch  vents  down  the  center  of  the  partitions  of 
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sand  dividing  the  molds,  as  shown  at  v.  Fig.  51.  There 
should  never  he  any  difficuUy  in  rarryitig  off  gases  from  soft 
beds  when  it  is  desired  so  to  do. 

41.  MnblnK  a  llnrd  Bed. — There  are  few  things  in 
founding  in  which  molders  differ  so  much  as  in  their  methods 
of  making  hard  hcdtt.  It  may  be  said  that  there  arc  four 
degrees  of  liardness  in  making  beds:    The  first  is  t 


bed  for  open-sand  castings  of  plates  ranging  from  1  inch  l" 
3  inches  thick.  The  second  bed  is  of  the  character  required 
for  making  the  prickered  plates  used  in  loam  molding.  The 
third  is  fur  hard  beds  used  for  open-sand  castings  thnl  must 
be  well  vented.  The  fourth  is  for  beds  that  are  used  for  light 
and  heavy  castings  in  cases  where  the  bed  forms  the  bottom 
part  of  a  mold  that  is  covered  with  a  cope.  The  most  diffi- 
cult beds  to  make  are  those  used  for  making  loam  plates 
requiring  long  prickers  on  them,  as  shown  in  Figs.  5t  and  fiS, 
and  also  in  the  matter  treating  on  loam  molding. 

42.  MukltiE  Beds  for  Prickered  Plates. — In  ma- 
king beds  for  plates  having  prickcrH  or  prongs  on  them,  the 
depth  of  the  tempered  sand  reijuires  to  be  much  greater 
than  fur  plain  plates.     As  an  example,  the  plain  plate  to  be 
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cast  in  ibe  bed  shown  in  Fly.  5(i  can  be  successfully  made 
with  a  (itpth  of  tempered  sand  ranging  from  4  to  5  inches 
without  any  venting ;  but  if  it  be  necessary  to  have  prickers 
from  4  to  II  inches  long  on  such  a  plate,  the  tempered  sand 
should  be  fully  7  to  10  inches  deep.  This  is  due  partly  to 
the  necessity  for  packing  the  sand  firmly   with  the  palm 
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of  the  hand,  or  the  back  of  a  shovel,  as  every  course  of 
sand  of  from  3  to  4  inches  deep  is  filled  in.  If  sand  was 
shoveled  in  loosely,  as  in  the  case  of  the  soft  bed  just  de- 
scribed, the  prickers  or  prongs,  if  over  (i  inches  deep,  would 
be  liable  to  be  strained  at  their  bottom  ends  in  such  a  man- 
ner as  to  burst  into  each  other,  or  to  swell  at  the  end  so 
badly  as  to  raise  the  face  of  the  mold  for  the  depth  of  the 
prickers,  and  thus  cause  a  solid  heavy  body  of  scrap  iron 
instead  of  the  piale  casting  desired.  Some  loam  plates  re- 
quire prickers  or  prongs  from  12  to  30  inches  deep.  It  is 
very  difficult  to  make  such  deep  prickered  plates  in  open 
sand  without  their  blowing  more  or  less  when  being  cast. 
In  some  cases  it  is  best  to  dig  deep  enough  to  permit  a 
cinder  bed  being  placed  under  such  plates,  as  shown  at  fin 
Fig.  B2,  and  then  filling  in  the  tempered  sand  in  layers 
ranging  from  3  to  4  inches  deep,  and  venting  each  alternate 
layer  of  sand  with  J-  or  ^-inch  vent  wire  down  to  the  cinder 


48 


FOUNDRY  WORK. 


§35 


lied,  which  is  itself  vented  through  v«nt  pipe/.  Another 
plan  is  lo  have  C  or  10  pricker  patterns  instead  of  the  1 
or  3  used  in  the  case  of  shallow  prickers,  and  to  press  them 
all  down  one  after  the  other  and  then  before  they  are  with- 
drawn from  the  sand  take  a  if-  or  I'^-inch  vent  wire,  as  seen 
al  (,  Fiys.  51  and  53,  and  carefully  vent  down  from  the  face 
of  the  moid  to  the  cinder  bed  between  all  the  pricker  [lat- 
terns,  making  the  vents  about  2  inches  apart,  as  at  v,  v, 
Fig.  52.  These  vents,  coming  to  the  surface  of  the  mold. 
must  be  stopped  up  with  the  end  of  the  finger  and  then  all 
the  finger  holes  filled  with  sand  and  the  surface  sleeked  over 
lo  make  the  face  of  the  mold  smooth,  as  at  J,  S,  S,  4,  5. 

In  some  cases,  instead  iif  carrying  the  gases  from  these 
vertical  vents  through  the  cinder  bed,  the  venting  can  lie 


done  by  using  a  long  :^-iiich  or  |-inch  vent  rod  driven  it 
the  bottom  of  the  tempered  sand  to  bring  the  gases  lo 
side  of  ihe  bed,  as  seen  by  the  vent  wire  k.  Figs.  51  and  B3. 
and  the  row  of  vents  k  in  Fig.  58.  In  packing  the  sand  by 
layers  or  courses  in  these  beds,  care  must  be  taken  net  I" 
make  them  so  hard  that  the  niolder  cannot  push  the  pricker 
pattern  down  by  hand  to  a  depth  of  fi  to  8  inches.  Beyond 
this  depth  it  may  often  be  necessary  to  use  a  hammer  lo 
drive  ihc  prickers,  as  in  Fig.  51.      Another  point  lo  be  noted 
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in  making  deep  prickereil  plates  is  never  to  use  any  sand 
hut  that  which  has  been  well  tempered  and  passed  through 
a  i-inch  or  J-inch  riddle. 

Care  must  lie  taken  to  work  the  sand  as  dry  a 
used  and  give  g<n«l  results;  it  miisl  nut  be 
so  dry,  however,  that  there  will  be  any  risk 
of  the  sand  running  back  into  tiie  holes 
left  by  the  pricker  pattern  after  it  has  been 
withdrawn.  The  pattern  used  for  making 
prickers  or  prongs  on  plate  castings  should 
always  have  a  handle  from  0  to  8  inches  long  ' 
and  of  convenient  form  for  the  hand.  A 
good  form  of  pricker  pattern  is  illustrated 
in  Fig.  54,  where  it  is  shown  held  in  the 
position  generally  used  when  pressing  it 
into  the  sand. 

Deep  prickered  plates  usually  give  trouble 
at  the  first  attempts,  hut  with  some  experi- 
ence in  molding  them,  and  by  followingthe 
directions  here  given,  they  should  be  made 
successfully. 

43.      Hard    Beds  for  Open-Siind 

Ca»tlnic»- — Castings  with  luics  or  long 
projections  on  them  may  be  cast  in  open- 
sand  molds  if  it  is  not  of  much  importance 
whether    the   cope,  or  upper  side,  of   the  fic  »i- 

casting  is  a  little  rough.  In  making  such  castings,  the 
straightedges  are  leveled  as  already  explained.  Then,  tem- 
pered sand  is  filled  in  and  rammed  down  evenly  and  firmly 
to  nearly  the  top  of  the  straightedge,  using  the  butt  of  the 
rammer  or  the  feet.  When  this  is  done,  a  stmightedge 
having  its  lower  edge  cut  down  ^  inch  at  each  end  c.  Fig.  53, 
is  used  to  strike  off  the  bed  so  that  its  surface  will  be 
\  inch  below  the  top  of  the  straightedges  a  and  b.  Then 
the  surface  of  the  bed  is  vented  all  over  with  a  J-inch  or 
^(-inch  vent  wire,  the  vents  being  made  about  1  inch  apart. 
These  vents  mav   be  carried  down   to  a  cinder  bed  or  led 
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from  iiiuier  the  bed  Willi  |-incli  or  f-inch  vents  leading 
from  under  ihe  straightedge,  as  seen  by  the  vent-wire  pro- 
jection at  k.  After  the  surface  of  the  bed  has  been  well 
vented,  the  palm  of  the  hand  is  passed  over  the  surface  of 
the  bed  to  close  up  the  top  of  the  vent  holes.  Riddled  sand 
is  then  shoveled  on  to  about  }  inch  higher  than  the  top  of 
the  straightedges  n  and  b.  Pieces  d  and  c.  about  ^  inch  thick, 
are  now  used  in  conjunction  with  the  straigiitedge  r,  lo  strike 
off  the  bed  as  shown  in  Fig.  47.  This  done,  the  surface  of  the 
bed  is  pounded  down  with  the  straightedge  c,  and  the  face  of 
the  bed  struck  off  in  a  seesaw  manner,  and  finished  as  de- 
scribed in' Art.  38. 


lOl.nlNti   I'LATKS  WITH    PHOJBCTtOKS  IN  OPBK   SAMIt. 

44.  tieneral  Directions. — The  hard  bed.  Fig.  53.  hav- 
inij  been  completed,  it  may  be  used 
fnr  casting  plates  having  projections. 
(lunges,  lugs,  etc.,  of  which  the  pat- 
tern shown  in  Fig,  55  is  a  type.  In 
bedding  siich  a  pattern  on  a  level 
bud,  it  is  first  set  on  the  bed  and 
Fio.  ss.  pre.ssed  down  so  as  to  leave  an  im- 

print of  its  projections;  it  is  tlien  removed  and  the  shovel 

used  lo  cut  away  the 

greater   part   of    the 

sand  where   the  lugs 

come,  after  which  the 

trowel  is  used  to  cut 

away     the    sand     to 

within  about  ^   inch 

of  the  inside  of   the 

imprint.    This  leaves 

the   bed   as  seeti    in 

Fig.  50.    The  pattern 

is  ne.tt  set  back  and 

hammered  down  sol- 
idly on  the  bed,   the 

molder  striking  on  a 


I<!  vetited.  as  shown  at  k  in  Fig.  53.  Next  tlie  piilter 
Its  drawn  and  the  m'»ld  finished  ready  for  the  metai,  a 
I  shown.      It  is  of  especial  importance  that  a  block  of  wood  c 
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\  heavy   plank  be  used  to  p'^iiid   on  when  betiding  in  pat- 
terns; no  sledge  or  heavy  hammer  should  lie  used  on  the 
Ibare  face  of  a  pattern. 

Another  method  of  making  a  casting  from  a  pattern  like 
Ithat  shown  in  Fig.  55.  by  bedding  in,  is  to  have  a  hole  cut  in 
Ithc  pattern  about  the  size  shown  by  the  dotted  line  at  o,  and 
■  ihrn  1"  set  its  projecting  lugs  on  mounds  of  sand  and  tuck 
I  up  the  pattern  on  the  inside  through  the  hole  o,  as  shown  in 
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Fig,  5!).  This  answers  well  where  the  patterns  are  not  i>( 
hirge  area,  but  for  large  plate  surfaces  w-ilh  paltcriis  having 
flanges  fir  lugs,  the  plan  shown  in  Pigs.  5(5  and  57  is  a.  good 
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one.  One  objectinn  to  this  plan,  however,  is  that  the  pt*'- 
jections,  flanges,  or  lugs  are  faced  with  common  heap  sarnl. 
In  order  to  obtain  a  smooth  surface  throughout,  such  pro- 
jections as  shown  in  Fig.  ,^5  should  be  faced  on  the  insiik 
with  sand  mixed  with  sea  coal, 

45.  Faclnic  Inside  nf  Projections.— To  face  the  in- 
side of  projectiims,  flanges,  etc.,  when  the  pattern  has  Iwes 
bedded  in  the  manner  shown  in  Figs.  50  and  57,  the  palteri' 
must  be  drawn  before  the  outside  of  the  projections  a" 
rammed  up,  and  then  a  section  of  the  inner  face  of  tht?  ])"■ 
jectioii  cut  out,  as  seen  at  n.  Fig.  00,  A  piece  of  board  cr 
plank  must  next  be  laid  against  the  projection,  as  seen  alA 
and  then  the  cavity  at  a  rammed  up  with  facing  sand  tbit 
has  been  mixed  with  sea  coal.  A  |-inch  vent  wire  is  tist'' 
to  vent  the  face  and  sides  of  the  projection,  keeping  tht 
vents  about  1  inch  back  from  the  face  of  the  board  i,  and 
driving  them  to  the  cinder  bed  or  horizontal  vents,  as  s«b 


,  Figs.  51.  53,  and  58.  This  donu.  ihe  tops  cif  ihe  vent 
arc  stoppcil  u[)  with  the  finger  and  then  filled  with  sand 

llie  face  of  the  mold  finished  with  a  trnwul,  after  which 
board  b  is  removed.  If  the  scctinii  a  is  not  long  enough 
cr  the  entire  inner  face  of  the  projection,  .-mother  sec- 

joiningthe  portion  just  faced  is  cut  out  and  the  board  b 
in  replaced  and  the  operation  repeated  as  described. 
B  operation  is  repeated  until  the  whole  face  of  the  projec- 
1  h:is  been  lined  with  rammed  facing  sand  from  1   inch 

i  inches  thick.     The  length  of  a  will  depend  on  the 
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Igtii  of  (he  surfai-e  to  be  covered  with  facing  sand;  this 
extend  from  4  inches  to  4  feet,  so  long  as  the  board  h 
kepi  in  the  rc(|uired  position.  To  hold  such  hoards,  or 
m.  as  b  in  the  right  position  while  the  cavity  al  a 
being  rammed,  stakes  c  are  driven  into  the  floor.  The 
XQt  cavity  at  a  is  ratnmed  with  J-inch  to  J-inch  rods, 
will)  n  small  hand  hanimer  having  a  pecn  1^  inches  wide 
d  )  inch  thick.  Care  must  be  taken  to  face  and  ram  the 
ice  at  n  evenly  and  firmly.  In  the  case  of  projections 
'iiig  forms  that  differ  from  the  straight  surface  at  b,  it 
I  be  nccessiiry  trt  use  s|>ecial  pieces  or  patterns  as  shown 
^  the  whole  being  rammed,  vented,  and  finished  the  same 
iiie  straigli^  piece;  a.  Boards  used  for  the  formers  b  must 
tiDOOtta  oQ  the  side  forming  the  face  of  the  projection. 
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MAKING   HARD  BEDS  FOR  COPBD  CASTINGS. 

46.     Large   surfaces    covered    with    a    cope    permit   of 
harder  beds  being  used  without  causing  the  metal  to  blow 
and  create  scabs  than  can  be  used  for  open-sand  work.    In 
making  these  beds,  it  must  be  remembered  that  the  sand 
should  be  as  dry  as  can  be  easily  worked,  and  should  be 
vented  as  well  as  possible.     The  operations,  so  far  as  level- 
ing the  straightedges  is  concerned,  are  nearly  the  same  as 
those  described  in  Art.  36,  the  only  difference  being  that 
the  straightedges  a  and  b  will  be  set  down  into  the  floor 
about  two-thirds  of  their  depth,  instead  of   being  set  up 
above    the   floor,  as  seen   in    Figs.  45  and  46.     After  the 
straightedges   are   leveled,  sand    that   has  been    well  tem- 
pered and  riddled  is  filled  in  between  them  and  struck  off 
level  with  their  top  edges;  the  sand  is  then  rammed  down 
with  the  feet  as  far  as  possible,  and  then  the  whole  surface 
of  the  bed  is  rammed  with  the  butt  of  the  rammer.    This 
will  bring  the  rammed  sand  down  to  about  2  inches  below 
the  top  of  the  straightedges,  when  these  are  about  6  inches 
deep — which  is  about  as  deep  as  such  a  course  should  be. 
The  sand  having  been  butted  solidly,  common  sand  is  again 
shoveled   in  and  struck  off  to  the  level  of  the  top  of  the 
straightedges.     This  is  then  butted  down  lightly  all  over 
the  bed  and  a  straightedge  r,  Fig.  53,  whose  ends  are  cut 
down  i  to  J  inch,  is  used  to  strike  off  the  bed,  which  is  then 
closely  vented  all  over  the  surface  with  a  \-  or  ^-inch  vent 
wire,  and  the  top  of  the  vents  stopped  up  with  the  palm  of 
the  hand;  next,  sieved  sand,  which  for  some  classes  of  work 
may  be  mixed  with  sea  coal,  is  shoveled  in  and  struck  on 
with  the  use  of  f-inch  strips  on  the  straightedge  rt' and  ^ 
Fig.  47,  as  described  in  Art.  38,  and  then  pounded  down 
and  finished,  as  already  described. 


VRNTING   HARD   BEDS. 

47.  Objectionable  Metbod. — Some  molders  make  a 
practice  of  venting  direct  from  the  face  of  the  bed  and  then 
poking  each  hole  with  the  finger  to  stop  the  surface  of  to* 
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vents,  instead  of  having  the  tops  of  the  vents  about  J  inch 
below  the  surface  of  the  bed.  Afler  the  upper  ends  of  the 
vents  are  all  stopped  with  the  end  of  the  finger,  facing  sand  is 
packed  solidly  into  each  hole  with  the  lingers  and  the  bed  is 
then  smoothed  with  a  tiurface  block  (preferably  of  hard 
wood),  measuring  about  3  inches  by  8  inches,  with  the  cor- 
,  a  little  rounded.  This  plan  will  succeed  if  carefully 
carried  out,  but  should  the  top  of  a  few  holes  be  carelessly 
stopped  up.  there  is  danger  of  the  iron  bursting  through 
tbe  vents  and  running  down  the  vents  to  the  cinder  bed,  if 
there  is  one.  Then,  again,  gas  might  become  confined  in 
the  cinder  bed  and,  by  exploding,  create  an  upward  pres- 
sure in  the  vent  holes  and  lift  the  sand  from  the  top  of 
tbt>se  vent  holes  that  have  not  been  filled  firmly  with  sand. 
A  little  study  of  this  method  of  venting  will  make  its  objec- 
tionable features  evident. 

48.     Surface  VcntlOK. — Where  beds  are  desired  with 

very  hard  surfaces,  or  where  the  sand  is  of  such  a  nature  as 

to  scab  readily,  it  is  a  good  plan  to  bring  the  vents  as  close 

to  the  surface  as  practicable.     The  following  is  a  plan  for 

surface  venting   that,   if  followed,   will  dispense  with  the 

finger-poking  of  the  vent  holes  and  will  insure  hard  beds 

Iwiiig  reliably  vented      The  plan  consists  in  ramming  up 

solidly  and  striking  off  the  common  sand  within  about  J  inch 

of  the  top  of  the  straightedges.  Fig.  5U,  and  then  covering 

Uiemrfacc  of  the  bed  with  facing  sand  mi.ted  with  sea  coal,  so 

that  tt  projects  about  1^  inches  above  the  top  of  the  straight- 

tdgr.s,  using  pieces  1^  inches  thick  under  the  straightedge  c. 

atshiiwn'al  t/  and  .',  Fig.  47.     Afler  this  is  done,  a  butt 

fwnincr   is    used   over  the  entire  surface,  in   the   manner 

shown  in  Fig.  01.     In   butting  the  surface  of  such  a  bed, 

'he  (ijwrator  must  make  sure  that  no  part  of  the  surface  is 

"I'sseJ,  and   the  butl  rammer  must  be  applied  lightly  so  as 

""'tip  make  the  face  of  the  bed   too  hard.      To  insure  a 

*nioiiili  surface  to  the   bed,  nu  sand  should   be  allowed  m 

*ticlt  to  the  face  of  the  butt  when  ramming;  a  brass  butt  is 

8«id  for  such  work.     The  sand,  after  being  butted,  should 
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priiject  above  the  straightedges  about  ^  inch.  The  bed 
having  been  butted  all  over,  its  surface  is  thisn  vented  with 
a  |!-inch  wire,  placing  the  holes  about  1  inch  apart,  and 
driving  the  vent  wire  down  to  the  cinder  bed — should  there 
be  one  under  it.  If  there  is  no  such  bed.  then  ^inch  or 
f-inch  vent  rods,  set  horizontally,  as  seen  at  /-,  Figs.  51,  53, 


and  58,  will  have  to  be  iisod.  After  the  venting,  the  bcilis 
"struck  off"  in  a  seesaw  manner,  as  already  described,  and 
facing  sand  sieved  all  over  its  face  as  thinly  as  possibk' 
This  done,  the  hardwood  finishing  block  (see  Art.  47) « 
worked  all  over  the  face  o(  the  bed  to  make  it  smooth  an'' 
ready  for  finishing  with  the  trowel.  The  application  of  Ih' 
smoothing  block  not  only  gives  a  finish  to  the  surface  « 
the  bed,  but  it  also  assists  in  firmly  stopping  up  the  lop  w 
the  J-inch  vent  holes;  this  will  not  only  prevent  any  iro" 


from  bursting  into  them,  but  will 
gas  from  forcing  its  way  through   tht 
which  would  break  the  face  of  llie  n 
or  lumps  on  the  face  of  the  casting. 


prevent  any  confii" 

holes  into  the  tnolil' 

nld.  causing  scabW"! 

In  some  cases ' 
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;  is  extra  danger  of  scabs  being  pnnluced,  the  roliiibiiiiy 
e  bed  may  be  increased  by  first  venting  it  with  a  J-inch 
wire,  as  seen  at  Fig.  53,  before  the  IJ-inch  deptb  of 
g  sand  is  shoveled  on,  When  this  latter  plan  is  used, 
'ents  from  the  face,  made  with  a  ^J-inch  vent  wire,  need 
;xtend  to  the  cinder  bed. 


>.  Obi«ctlonabl«  Method.— The  methods  that  have 
If  been  described  are  the  proper  ones  for  forming  the 
>ms  of  molds  that  are  bedded  in;  there  are  othi;r 
KKlft  in  use,  however,  that  are  neither  mechanical  nor 


A  workman  having  to  mold  the  pattern 
»n  in  Fig.  55,  makes  a  hole  in  the  floor  and  tills  it  with 
1,  without  doing  any  packing;  or  else  he  builds  a  mound 
nftsand,  On  this  he  lays  the  pattern  and  jumps  upon 
iftcr  which  he  digs  out  the  sand  from  the  lugs,  again 
ips  upon  ihc  pattern,  gets  off,  and  digs  out  more  sand 
n  under  Ihe  lugs,  and  so  on  until  the  whole  of  the  under 
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surface  of  the  pattern  is  in  contact  with  the  sand,  if  the 
pattern  does  not  break  in  the  meantime.  Then  he  lays  a 
wooden  block  on  the  pattern,  and  pounds  it  with  a  heavy 
sledge  hammer,  as  shown  in  Fig.  62,  until  the  face  of  the 
pattern  is  bedded  into  the  sand  to  a  depth  of  J  to  1  inch, 
depending  on  the  molder's  weight  and  strength  and  the 
weight  of  the  sledge.  This  operation  is  repeated  until  the 
mold  is  made  or  something  breaks.  This,  then,  is  an  illus- 
tration of  how  a  thing  should  not  be  done. 

Some  patterns  may  be  bedded  in  by  merely  forcing  them 
into  soft  sand;  but  care  and  good  judgment  are  required 
in  doing  such  work.  When  a  molder  uses  this  method 
indiscriminately  for  all  bedded  work,  the  practice  is  certainly 
reprehensible. 

50«     Ground  Beneatli  Prepared  Bedn  and  Molds. 

Having  dealt  with  the  preparation  of  soft  or  hard  beds  to 
form  the  bottom  of  molds,  attention  is  now  called  to  the 
necessity  of  knowing,  as  far  as  possible,  the  condition  of  the 
earth  or  {j^round  below  the  bed.  Many  castings  have  been 
lost  because  the  ground  underneath  the  beds  of  the  molds  is 
in  a  soft  condition;  we  may  make  the  prepared  bottom  of 
the  molds  as  hard  as  possible  and  still  have  castings  badly 
swollen  or  distorted  or  lose  all  the  metal  out  of  the  mold  if 
the  under  {i^round  is  not  solid.  If  there  is  any  doubt  as  to 
the  solidity  of  the  under  ground,  the  only  reliable  procedure 
is  to  dig  down  and  test  the  under  ground  with  pick  and  shovel, 
or  a  fair  idea  of  the  condition  of  the  ground  may  be  obtained 
by  driving  down  pointed  iron  bars.  Where  heavy  or  deep 
castings  are  to  be  made  over  untested  ground,  it  may  often 
be  necessary  to  dig  down  from  2  to  4  feet  below  the  level  of 
the  bottom  of  the  molds,  in  order  to  be  assured  that  the 
earth  is  sufficiently  solid  to  withstand  the  pressure  of  metal 
that  will  be  put  upon  the  mold  when  it  is  poured.  A  source 
of  trouble  in  many  foundries  arises  from  the  careless  manner 
in  which  holes  left  by  old  molds  have  been  filled  up  with 
sand.  Some  molders,  after  taking  out  a  deep  casting  that 
has  been  made  in  the  floor,  will  merely  throw  in  some  water 
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and  loose  sand  until  the  hole  is  filled  tn  tlit-  level  i>f  the  floor, 
and  then  in  a  few  days,  dij;  out  the  same  hole  to  make  ii 
shallow  casting,  without  going  down  to  solid  ground;  many 
castings  have  been  badly  stralnKd  or  timt  on  this  account. 
When  deep  castings  (or  shallow  ones,  even)  are  taken  out  of 
lliHir,  all  the  dry  and  loose  sand  should  be  shoveled  out 
and  then  dampened  and  tempered  before  being  shoveled 
back  inlii  the  hole.  This  sand  should  be  shoveled  in  in 
courses  uf  from  5  to  8  inches  deep,  and  butt-rammed  until 
;Eolid.  If  this  practice  is  followed,  any  molder  who  may 
desire  subsequently  to  make  other  castings  over  or  near  the 
Icame  pUce,  can  rest  assured  that  the  ground  under  or  at  the 
sides  of  his  mold  will  be  solid,  and  if  his  mold  also  is  firmly 
made,  he  can  produce  a  casting  free  from  swells  or  strains 
on  its  lower  side. 


CAVITIES  IN  BOTTOM   OF  CASTINGS. 

51.     There   are    many    molds    having    bodies    of 
extending  tijiwards  from  the  bottom  that  are  not  co' 


*'th  iron  until  the  metal  has  nearly  reached  the  lop  of  the 
Mold;  Hat-bottomed  annealing  pots  afford  an  example  of 
diis.  Figs.  63  and  01  illustrate  this  form  of  mold,  Fig.  i;3 
1*'«K  partially  broken  away  at  a  to  show  the  projection  in 


!hci 
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Li'iierated  at   the  bottom  of  such  molds  when 
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the  pouring  is  coiunienced  endeavor  to  rise  upwards  through 
the  vents  formed  in  the  projection;  this,  together  with  the 
fact  that  the  pressure  of  the  metal  over  the  top  of  the  projec- 
tion at  a.  Fig.  04,  is  less  than  at   the  bottom  b,  is  liable  to 


^ 
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Eive  tnmble.  Then  again,  when  the  metal  commences  to 
cover  the  flat  surface  of  siu.-h  projections  as  a,  its  move- 
ment is  much  slower  than  the  rise  of  the  metal  at  the 
bottom  of  the  mold;  the  result  of  this  is  that  if  there  should 
be  any  blowing  or  bubbling  of  the  iron  as  it  comes  to  the 
lop  of  the  projection  a,  the  rise  of  the  metal  will  be  so  slo» 
in  creating  pressure  over  the  face  of  the  projection  thai 
stabbing  will  take  place,  endangering  the  safety  of  ihecasl- 
ing  because  of  the  liability  of  the  iron  getting  into  the  vcnl 
ImiL-s  leading  down  from  the  face  at  a  to  the  cinder  bed  or 
other  outlet  for  the  vents.  To  prevent  the  projection  from 
blowinif  the  casting,  the  surface  at  a  is  made  as  soft  as 
practicable  and  the  large  vents  not  brought  nearer  than 
within  J  inch  of  the  top  surface  of  the  projection.  Thisi* 
done  by  ramming  up  the  sand  firmly  to  within  }  inch  of  ih* 
top  and  then  striking  it  off  with  a  straightedge  cut  awuy 
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at  the  ends,  as  in  Fig.  53.  The  bed  having  been  struck  off 
J  inch  below  the  top  of  the  surface,  a  :J-inch  vent  rod  is 
used  to  vent  closely  all  over  the  area  down  to  a  cinder  bed  C 
or  other  outlet  for  the  gases.  The  tops  of  these  vents  are 
then  stopped  up  with  the  end  of  the  finger,  a  very  open 
*l^rade  of  facing  sand  shoveled  in  over  them  and  pressed 
down  with  the  fingers  and  palm  of  the  hand  as  softly  and 
evenly  as  can  be  done.  This  lightly  packed  sand  should 
extend  about  f  inch  above  the  level  of  the  face  at  rt,  so  that 
the  top  of  the  sand  may  be  struck  off  to  give  a  smooth  and 
finished  face  to  the  projection.  Before  striking  off  this 
extra  f-inch  thickness  of  sand,  the  face  is  closely  vented 
with  a  fine  wire,  about  ^^  inch  in  diameter,  to  a  depth  of 
about  3  inches,  thus  connecting  the  face  vents  with  the  large 
^inch  vents,  as  in  Fig.  64.  The  f-inch  thickness  of  sand  is 
struck  off  and  the  surface  finished  with  a  troMrel,  leaving 
the  top  of  the  projection  as  it  appears  at  a.  The  mold  is 
shown  made  above  the  level  of  the  floor,  but  it  can  be  made 
in  a  hole  dug  in  the  floor,  so  as  not  to  require  any  part  of 
the  flask  but  the  cope;  in  fact  it  would  be  better  to  make 
such  castings  in  the  floor,  if  the  shop  arrangement  permits 
digging,  as  then  there  cannot  be  any  danger  of  a  run  out 
at  the  bottom  of  the  nowel  at  c.  This  castipg  may  be 
poured  by  an  Inlet  gate  e  connecting  with  the  M^r\%Ytt 
Kate  or  sprue  e\  The  cope  is  not  shown;  it  is  a  wooden 
one,  6  inches  deep,  with  bars  about  5  inches  apart.  In 
pouring  this  mold,  the  cope  is  held  down  with  about 
800  pounds  of  iron.  The  riser  should  be  kept  closed  during 
pouring  so  as  to  maintain  a  pressure  of  gases  in  the  mold, 
as  this  will  assist  the  gases  in  finding  their  way  down  to 
the  cinder  bed. 


RODDING    PKOJBCTIONS. 

52.  There  are  a  great  many  projections  like  that  seen 
in  Figs.  63  and  64  that  must  be  rodded  in  order  to  make 
sure  that  the  buoyancy  of  the  metal  will  not  lift  them.  To 
inake  sure  of  this  in  the  casting  shown,  six  |-inch  round 
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rods^  as  at  d^  are  clay- washed  or  covered  with  flour  paste 
to  make  the  sand  stick  to  them,  and  then  driven  equally 
around  the  circle  to  the  depth  seen   in   Fig.   64.     In  the 
hands  of  a  good  molder  this  projection  will  stand  without 
rodding,  but  it  is  always  advisable  t;o  take  as  few  chances 
as  possible.     The  question  as  to  whether  it  is  wise  or  not  to 
rod  a  projection  in  this  manner  is  often  one  of  judgment,  as 
the  condition  of  the  patterns,   flasks,   and  sand  has  often 
much  to  do  with  determining  what  plan  it  is  best  to  follow. 
All  material  that  is  lighter  than  liquid  metal  will  rise  to  the 
top  of  it  and  float,  just  as  cork  will  float  on  water.     Sand 
is  a  lighter  substance  than    iron,   and  for  this  reason,  if 
the  rammed  sand  is  not  held  down  by  some  means,  it  will 
rise  and  let  the  iron  underneath  it.     The  specific  g:rav- 
Ity*  of  cast  iron  ranges  from  6.9  to  7.4;  brass,  from  7.8 
to  8.4;  whereas  rammed  molding  sand   rahges  from  1.40 
to  1.80.     Taking  bulk  for  bulk,  a  cubic  foot  of  iron  weighs 
about  450  pounds,  whereas  a  cubic  foot  of  rammed  sand 
weighs  about  100  pounds,  the  specific  gravity  of  iron  thus 
being  about  4^  times  that  of  rammed  molding  sand.     This 
means  that  a  projection  of  rammed  sand,  such  as  that  seen 
in  Figs.  63  and  64,  would  have  to  be  about  ^\  times  heavier 
than  it  is  before  it  would  remain  in  position  as  molded  were 
it   not   assisted    by  other  forces.     One  aid  to  this  is  the 
coherence  of  the  tempered  and  rammed  sand.     This  pre- 
vents it  from  being  readily  separated.     We  find  this  prin- 
ciple illustrated  in  the  necessity  for  using  parting  sand  on 
sleeked  joints,  in  order  to  separate  the  sections  of  molds,  as 
previously  described.     This  coherence  in  the  sand  of  the 
projection  would  leave  but  little  risk  if  the  rods  at  //were 
omitted  in  this  special  casting,  providing  it  was  well  rammed 
at  the  bottom.     This  is  where   the  danger  lies  with  all  such 
work ;  any  softness  at  the  lower  edge  of  such  projections  as 


*The  specific  gravity  of  any  substance  is  the  ratio  of  its  weight 
in  air  compared  with  an  equal  volume  of  pure  water  at  62'  F.  F^'' 
example,  1  cubic  foot  of  cast  iron  weighs  about  450  pounds  and  1  cubic 
foot  of  water  about  62.355  pounds  at  62'  F.     The  specific  gravity  ot 

cast  iron  is,  therefore,  about  ^;r^  =  7.2. 

62.  odd 
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this  allows  the  metal  to  undermine  the  projection,  ;ind  if 
the  metal  once  gets  underneath  it,  it  will  rise  unless  held 
down  by  rods  or  some  other  means.  Then  again,  it  is 
necessary  to  guard  against  these  projections  being  loosened 
at  the  bottom  when  jarring  the  pattern  to  draw  it  from  the 
mold.  Still  further,  patterns  are  often  deficient  in  taper, 
so  that  in  trying  to  draw  them,  the  whole  projection  may 
be  started  or  lifted  from  the  bottom  and  so  leave  an  open- 
ing for  the  metal  to  pass  under.  If  any  doubt  exists  as  to 
the  safety  of  a  projection,  it  is  better  to  use  the  rods  d,  and 
so  prevent  possible  loss  of  the  casting.  Evidently  no  posi- 
tive rule  can  be  given  for  such  work,  but  a  study  of  the 
principles  here  outlined,  together  with  his  knowledge  of  the 
work,  will  enable  the  molder  to  arrive  at  a  right  decision  in 
any  given  case. 


TAPER  ON   PATTERNS. 

S3.     In  the  last  article,  reference  was  made  to  the  danger 
of  HtartliiK  projections,  etc.,  at  the  base  by  reason  of  a  lack 

of  taper  in  the  patterns.     As  a  rule,  a 

pattern   should   be  given   all   the   taper 

that  can  be  practically  allowed.       The 

greater  the  taper,  the  less  labor  wilt  be 

required    in    finishing    the     mold,    and, 

also,  the   longer   the    pattern    will    last. 

Tlie  deeper  a  pattern  is  buried  in  the 
nmld,  the  more  taper  it  should  have. 
In  such    cases    as    Fig.    21,    where    the  -i^M'^ 

'wUom    of    a    deep  casting  is    required  fk;.  es. 

lo  be  nearly  the  same  thickness  as  the  top,  the  pattern 
must  not  have  more  than  a  certain  taper,  as  explained 
in  Art.  28.  Where  the  conditions  are  not  exacting, 
however,  it  would  be  much  better  to  double  the  allow- 
iince  of  I'j  inch  to  the  foot  there  given.  This  would 
Sive  us  i  inch  per  foot  of  taper  for  whatever  depth  the 
I'^tterns  might  be  rammed  in  the  sand.  In  designing 
*ork    calling     for    such     projections   as    are    shown     in 
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Figs.  C:t  and  04,  uvery  effort  shc.uld  be  made  not  to  liave 
less  ihaii  i  inth  per  foot  of  taper  on  the  inside  projections. 
Such  a  patterii  as  the  one  in  question  would,  therefore,  have 


shown  in  Fig,  C5,  if  the 
as  shown.  It  will  here 
3  allowed  for  the  outside 


its  top  and  bottom  dimensions  a: 
length  of  projection  were  18  inchei 
be  noticed  that  ^  inch  per  foot 
taper  and  i-inch  taper  for  the  inside,  where  it  is  most 
needed.  Not  only  should  patterns  have  good  taper  hut 
they  should  also  be  well  provided  with  arrangements  for 
drawing  the  pattern.  In  deep  patterns,  this  calls  for  draw- 
irons,  which  are  screwed  to  the  side  of  patterns,  as  shown 
in  Fig.  21. 


DBVICR  FOR   DRAHTIKG  HEBP  PATTBRKH. 

54.     Where  deep  patterns   are  used   to    givi;    parallel 
castiays,  or  where  difficulty  is  apprehended  in  gettiog  n 


pattern  out  of  the 
after  the  manner  s 


ind,  draw-scrc 
!ii  in  Fig.  (!(J. 


■f^  are  provided  and  uscil 
Here  a  built-up  wooden 


len     I 
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beam  a  having  openings  at  b  is  placed  across  the  mold 
on  blockn  or  'wooden  horses;  the  draw-screws  c  are 
hooked  into  the  draw-screw  holes  ^,  a  man  is  placed  at 
each  screw,  and  then  at  the  word  ** round"  each  man  turns 
the  screw  or  nut  e  one  revolution  only.  The  word  **  round  " 
is  again  called  out  and  another  revolution  made.  This  is 
continued  until  the  pattern  Pis  out  of  the  sand.  The  giving 
of  directions  for  every  turn  of  the  screws  is  to  insure  that 
all  parts  of  the  pattern  will  be  raised  the  same  amount, 
which  aids  greatly  in  drawing  the  pattern  successfully.  If 
one  side  comes  out  faster  than  another,  it  not  only  causes 
the  pattern  to  bind  in  the  sand,  but  in  the  case  of  molds 
having  projections,  Figs.  G3  and  64,  there  is  great  liability 
of  starting  the  projections  from  their  bases,  even  though 
they  be  well  rodded;  for  in  such  cases  the  act  of  starting  the 
base  might  permit  the  iron  to  pass  in  at  the  line  of  sepa- 
ration and  so  into  the  vents,  even  though  it  did  not  lift  the 
whole  projection.  To  have  the  iron  run  into  the  vents  at 
the  base  of  the  mold  is  as  bad  as  lifting  the  whole  projection, 
for  in  either  case  the  casting  will  be  lost. 


FOUNDRY  WORK, 

(PART  a.) 


GREEN-SAND   MOLDING. 

JOISTS  or   PATTERN. 


JOINTS  FOU   PARTIKG   CIRCULAR   FORMS. 

1.     The  simplest  form  of  Joint  and  the  one  most  used 

i  the  straight  joint,   the  maiitior  uf   muking   which    was 


described  in  Foundry  Work,  Part  1.  Joints  for  parting  cir- 
cular forms  or  deep  recesses  arc  shown  in  Figs.  1  and  2. 
The  method  shown  in  Fig.  1  is  used  when  the  pattern  is 
made  in  two  parts,  and  permits  of  half  the  pattern  remain- 
ing in  the  nowel,  and  the  other  half  coming  up  with  the  co^ie 
when  dividing  the  two  parts  of  the  flask.  While  this  method 
can  be  followed  in  many  cases,  there  are  others  where  the 
pattern  must  be  made  in  one  piece  and  the  joint  made 
according  to  one  of  the  two  methods  shown  in  Fig.  2.  The 
joint  shown  on  the  right  at  x  is  bad  practice,  as  some 
sand  will  often  be  left  sticking  in  the  sharp  angular  pocket 
S3G 
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formed  against  the  pattern  at  z.  When  sand  does  stick  in 
such  pockets,  it  is  difficult  to  patch  them  without  causing  a 
heavy  **  fin  "  on  the  casting,  or  taking  chances  of  a  **  crush  " 
at  the  joint.  Then  again,  such  a  form  gives  a  very  poor 
bearing  for  gaggers,  the  setting  of  which  is  explained  far- 
ther on. 

By  making  a  joint  as  at  j,  on  the  left  of  Fig.  2,  every 
opportunity  is  afforded  for  a  good  bearing  for  gaggers,  and 
for  obtaining  a  **  clean  lift."  Should  any  of  the  joints  break 
and  require  patching,  this  can  be  done  without  much  danger 
of  leaving  large  fins  on  the  casting  or  causing  the  mold  to 
crush,  owing  to  the  flat  surface  at  the  joint,  which  gives  a 
good  guide  for  patching  any  broken  edges.  It  is  chiefly  in 
heavy  castings  that  cutting  down  in  this  manner  is  prac- 
ticed. Small  patterns  are  usually  divided  as  in  Fig.  1  or 
provided  with  follower  boards. 


JOINTS  FOR  IRREGULAR   FORMS. 

2.     Fig.  3  illustrates  a  method  of  making  joints  by  hav- 
ing the  parting  line  of  the  cope  and  nowel  conform  to  the 


^^ ^  ^^ — ,- 


r" 


Fig.  8. 


Fig.  4. 


shape  of  the  joint  of  the  pattern.  The  illustration  repre- 
sents the  end  view  of  the  cope  a^  nowel  ^,  and  bottom  boards, 
the  cope  being  in  place  for  ramming  up.  The  dotted  line 
at  d  shows  the  lower  line  of  the  pattern,  while  x  is  the  face 
line  of  the  pattern  and  the  line  of  separation  between  th^ 
cope  and  nowel.  Another  example  of  this  is  seen  in  Fig.  ^' 
which  shows  the  side  view  of  a  cope  and  nowel,  the  lines  oi 
the  pattern  being  at  d  and  ,r,  as  in  Fig.  3. 


] 
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THRCG-PART  MOLDS. 

3.     Three-Part   PlaHks. — Many  patterns  are  of   such 
a  form  as  to  rei.]i!ire  two  or  more  parting  lines.     Sheave 
wheels   and   wheels 
having  flanges   art  - 

the    most    common 
representatives     of 

this   class   of    cast-    ^'^   -^  '  -      -    - 

ings.      The    most  \        | 

common     way     of ' 

casting  such  pieces  F11...1. 

is  to  have  as  many  parts  to  the  flask  as  there  are  parts  in 
the  mold.  One  method  of  molding  and  casting  a  flanged 
pulley  is  illustrated  in  Figs.  5  to  7.  The  two  parts  of  the 
pattern,  /"and  /",  are  placL-d  in  the  molding  board  and  the 
cheek  or  intermediate  part  /  of  llie  flask  is  placed  around 
them.     This  part  is  rammed  up  and  struck  oflf  as  shown  in 


FTCT 


*=^ 


'iiiii-J     ("J 


:r± 


Fig.  5.  Tile  Ij.ittom  board  is  then  put  on  and  the  part 
turned  over.  The  molding  board  is  removed,  parting  sand 
sprinkled  over  ihe  jtnnt,  the  nowel  placed  on,  rammed  and 
struck  off.  The  molding  board  is  then  placed  on  the  nowel 
and  both  parts  turned  over  together,  and  the  bottom  board 
removed,  when  they  will  appear  as  shown  in  Pig.  6.  Part- 
ing sand  is  then  sprinkled  over  the  joint,  the  cope  put  on, 
the  sprue  pin  located,  and  the  cope  rammed.  The  sprue 
pin  is  then  removed  and  the  pouring  basin  c  formed.      The 
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cope  is  next  remnved  and  the  groove  venleil.  as  shown  in 
Fig.  7.  After  venting  the  intermt-diate  part,  the  section  Poi 
the  pattern  is  drawn,  the  cheek  or  intermediate  partyh'fted 


off  and  turned  over,  after  which  the  pattern  section /"'is 
drawn,  and  the  mold  cleaned.  When  the  intermediate  paf 
and  the  cope  have  been  returned  ti.i  their  places,  the  mM 
will  appear  as  shown  in  Fig.  7. 

4.    MaklnE  Three-Part  Moldn  In  T  wn>Part  FlaBli»- 

A  three-part  mold  may  be  formed  in  a  twn-part  flask  by  hal- 
ing an  intermediate  body  of  sand  between  the  cope  aiiii ''"' 


nowel.      This  is  illuslralfd  in   Figs,  8  to   10, 

pattern  dascribed  in  Art.  3  is  used.      The  pattern  is  pM 


upon  a  iiiniil  board  and  \ 
packed  unnmd  it  to  foni 


nghted  down,  after  wliicli  sand  is 
a  Joint,  as  at  .r.  Fig.  8.     The  cope 


is  now  set  on  and  rammed  np,  after  wiiii-li  tlie  wlioie  is 
turned  over — then  appearing  as  in  Fig.  II.  Next,  tlie  nowei 
is  set  on  and  rammed  up,  after  which  it  is  lifted  off  and  the 
pattern  section  P'  drawn;  the  nowel  is  then  set  back,  and 
both  parts  climped  and  rolled  over      The  onpe  is  ne\t  lifted 


off  and  the  pattern  section  /'  drawn;  the  mold  is  then  fin- 
ished and  the  cope  set  back  in  place,  when  the  whole  will 
appear  as  shown  in  Fig,  10.  Parting  sand  must  Ive  used  on 
all  thejuinis. 
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STARTING  THB  JOINT  IN  LIFTING. 

5.     It  is  important  not  only  that  the  joint  in  the  mold  be 
properly  constructed,  but  also  that  means  be  provided  for 

properly  separating  the 
'^^        parts,  as  a  good  lift  often 
depends  on  the  manner 
in    which    the    cope    is 
started.     It  is  necessary 
to     start     some    copes 
evenly  all  over  the  joint, 
while  others  part  better 
by  starting  one  side  be- 
fore the  other.     In  light 
work,    there    are    many 
copes  that  are  best  raised 
by  being  rolled  up,  as  in 
Fig.  11.     In  rolling  up  a 
cope,  it  may  be  advisable 
to  have  it   go   upward   and    toward    the   hinge,  as  shown 
by   the   dotted  lines  in  Figs.   11  and  12;   or  on  the  other 
hand   it    may   go   upwards,   first   describing   an   arc  away 
from    the    hinge    and    then    towards    it,   as  shown   by  the 
dotted  line  in    Fig.   13.     This  movement  can  be  given  by 
arranging   the  hinges  as  shown  in  Figs.   12  and  13,  from 


Fig.  11. 


Fig.  12. 


Fig.  is. 


which  it  is  clear  that  the  matter  of  having  a  cope  go  up' 
wards  from  or  toward  the  hinged  side  can  be  controlled' 
thereby  assisting  in  getting  good  lifts  when  a  movemeti^ 
in    either  direction    will    do    this.     Of   course,   the  farth^^ 
from  the  joint  the  center  of  the  hinge  is,  the  more  rap*" 
will  be  the  outward  or  inward  movement. 


86  FOUNDRY  WORK.  7 

MOt.n  UOAKUS. 

ft.     Their  Use  In   VormiBg  Joints. — In  making  the 

fni'ld  for  small  castings  (either  of  iron  or  brass)  that  hrivc 
irregular  joints,  much  time  and  labor  may  be  saved  by  using 
a  mold  buard  that  will  form  the  joint;  then,  when  the 
board  is  lifted  olf.  parting  sand  can  be  sprinkled  on  and 
the  joint  is  ready  for  the  cope.  Many  persons  making  light 
work  have  the  mold  bo.ird  so  perfected  that  it  is  often  diffi- 
cult to  perceive  where  the  joint  is  on  the  casting.  There 
art  fuur  classes  of  mold  boards;  (1)  the  wooiiai  mold  board, 
which  is  carved  nut  to  give  the  desired  shapes  to  the  joints; 
(i)  the  sand-anJ-composition  mold  board ;  (S)  the  plastcr-of- 
Paris  mold  board ;  and  (1)  what  is  called  the  match  board  or 
matih  flali.  The  sand-and-composition  mold  boards  arc 
the  ones  generally  used.  Mold  boards  are  sometimes  called 
odd  Mlde«. 


7.     Snnd  Mold  Iloardii. — The  usual  method  of  making 
sand  mold  boards  is  to  ram  up  a  iiowel  (harder  than  usual) 


Md  then,  after  making  a  good  firm  joint,  set  upon  tt  a 
hamc,  having  nails  driven  in  at  its  sides,  as  shown  at  n, 
P'£.  14;  these  nails  are  driven  Into  the  frame  to  hold  the 
Bndwhen  using  the  mold  board.  When  this  frame  is  set 
O".  new  molding  sand  (tempered  with  very  thick  clay  wash 
"Tclw  made  up  of  I  part  flour  to  10  parts  sand)  is  shoveled 
"'  S'lil  rammed  as  hard  as  possible,  after  which  a  bottom 
"OWd  like  the  one  shown  at  c  is  nailed  on  to  the  bottom  of 
and  the  frame  and  board  then  lifted  off.     The 
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surface  of  the  mold  board  is  now  sleeked  to  repair  any 
broken  edges  or  parts  that  may  have  stuck  down  in  lifting 
it  off,  and  a  little  molasses  water  is  blown  over  the  surface 


Fig.  16. 


FiO.  15. 

to  strengthen  the  joint.  The  molasses  water  used  in  finish- 
ing the  joint  may  be  blown  from  the  mouth  or  from  a 
special  sprinkler  attached  to  a  pair  of  bellows,  as  shown  in 
Fig.  15.     Another  form  of  sprinkling  device  for  use  with  a 

pair  of  bellows  is  shown  in  Fig.  16. 
This  done,  the  mold  board  should 
be  set  aside  for  a  day  or  two  to 
harden,  after  which  it  is  ready. 
for  use.  In  light  work,  the  pres- 
ervation of  the  joint  edges  of  sand 
mold  boards  sharp  and  unbroken 
is  of  the  utmost  importance.  It  will  help  to  preserve  them 
if  all  the  sharp  edges  are  stiffened  with  nails  driven  close 
together,  allowing  the  heads  of  the  nails  to  come  flush  with 
the  face  of  the  sand  forming  the  mold  board;  even  then, 
the  edges  may  become  ragged  and  cause  bad  joints. 

8*  Composition  Mold  Boards. — In  place  of  ramming 
the  frame  in  Fig.  14  with  molding  sand,  a  composition  may 
be  used  that  will  become  harder  and  last  longer  than  the  sand 
mold  board.  A  composition  often  used  is  one  made  up  of 
fine  sand,  boiled  linseed  oil,  and  litharge;  the  sand  should  be 
very  dry.  Add  1  part  of  litharge  to  about  20  parts  of  sand, 
mix  them  thoroughly  and  then  sift  the  whole  through  a  fine 
sieve.  Temper  this  mixture  with  the  oil  to  the  same  temper 
as  sand  intended  for  ordinary  green-sand  molding.  The 
mixture  is  rammed,  as  one  would  ram  a  mold,  to  a  degree  of 
hardness  equal  to  that  generally  required  in  copes.    The 
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iug  done  and  tin:  tjottom  hoard  nailed  lo  the  frame, 
the  mold  board  is  ihen  lifted  off  and  loft  to  dry  for  about 
I'i  hours,  when  it  will  be  ready  for  use.  Before  putting  the 
board  away,  its  edges  and  surface  should  he  finished  in  the 
same  manner  as  sand  mold  boards,  using  linseed  oil  instead 
of  the  molasses.  The  oil  gives  the  sand  firmness,  the  litharge 
being  used  as  a  drier  for  the  oil. 

It  is  not  essential  that  molding  sand  should  be  used  en- 
tirely, as  almost  any  sand  of  fine  grain  will  do.  Parting  sand 
mixed  with  one-half  molding  sand  gives  good  results.  If  at 
any  lime  the  corners  or  edges  are  found  to  he  broken,  they 
can  be  mended  by  patching  with  beeswax. .  To  form  the 
^paratiun  between  this  mold-board  mixture  and  the  mold- 
ig  sand  on  which  it  is  rammed,  a  regular  parting  sand  is 
used.  Where  the  mold  board  is  too  large  to  lift  off  the 
nowel,  they  can  both  be  rolled  over  and  the  nowel  lifted  from 
the  mold  board,  and  ihc  sand  then  carefully  removed  from 
the  face  of  the  mold  board. 

Plaster-of-Parl!*  Mold  Boardt*.— Phstcr-of-Paris 
mold  boards  are  often  used  where,  from  the  crookedness  of 


tie  pattern,  other  classes  of  mold  boards  cannot  be  made  as 

cheaply  or  as  perfectly  fitted  or  kept  as  true  during  use. 

'Kis  material  gives  a  very  hard  mold  bo;ird  <)n  which  lo 

un,  but  great  care  must  l>e  taken  not  to  break  any  of  its 

Igcs,  as,  even  with  care,  the  working  in  and  out  of  the  pattern 

try  liable  in  a  short  lime  to  cause  ihe  edges  to  be  ragged 
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and  broken ;  and  no  durable  method  of  patching  such  broken 
edges  has  yet  been  devised.  Fig.  17  shows  the  mold  board 
in  process  of  construction,  while  Fig.  18  shows  it  ready  for 


Fig.  18. 

use.      In  starting  to  make    such  a  board,   the  pattern  is 
rammed  up  in  a  nowel  and  the  joint  made  as  in   making 
ordinary  castings.     After  the  joint  has  been  carefully  made 
so  as  to  give  it  the  best  possible  form  (one  that  will  give 
clean  lifts  and  assist   in  obtaining  finless  and   true-jointed 
castings),  it  is  faced  with  a  good   oil.     The  patterns  are 
similarly  treated  to  prevent  the  plaster  from  sticking  to 
them.     A  wooden  frame  having  a  bottom  board  nailed  on 
is  then  placed  as  in  Fig.  17;  both  this  frame  and  the  bot- 
tom board  should  have  plenty  of  nails  ;/  driven  in  them. 
In  this  bottom  board  are  two  holes  h  for  the  purpose  of 
pouring  in  the  plaster.      Before  pouring  a  plaster  mold,  the 
outside   of  the   joints  should   be  carefully  stopped  up  with 
clay,  or  else  firmly  banked   up  with   sand,  to   prevent  leak- 
age.    The  plaster  having  been  poured  in,  it  is  then  allowed 
to  set  until  hard;  then  the  moid  board  is  lifted  off  and  the 
sand  removed  from  the  face  of  the  plaster  with  brush  and 
water.     After  the  face  of  the  board  is  finished  up  smooth 
and  the  plaster  is  dry,  it  is  given  a  coat  of  shellac  varnish 
containing  lampblack,  and  when  this  is  dry   the  board  is 
ready  for  use.      Plaster  of  Paris  is  made  by   heating  pow- 
dered gypsum,  which  consists  of  sulphate  of  lime  and  water. 
The   heat   drives  the   water  out   of  the  gypsum,  leaving  a 
powder  that,  when  mixed  with  its  own  bulk  of  water,  forms 
a  creamy  paste  that  becomes  solid  almost  immediately. 

In  using  plaster  of  Paris,  the  fluidity  of  the  mixture  shouW 
be  regulated  by  the  thickness  of  the  body  required.  For 
thin  bodies,  2  parts  of  water  to  1  of  plaster  makes  a  good 
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proportion,  but  for  general  wmk  I  part  of  plaster  to  1  part 
of  water  will  be  about  right.  Tiie  pouriug  holes  should  be 
as  large  as  practicable;  for  in  filling  thin  places  or  corners, 
the  quicker  the  mold  is  poured,  the  better.  If  a  mold  has 
any  considerable  body,  it  will  shrink  so  much  as  to  require 
being  filled  up  with  more  plaster  after  it  is  poured.  Before 
starting  to  pour  a  mold,  therefore,  there  should  be  plenty 
of  water  and  plaster  at  hand,  to  avoid  any  delay  after  the 
pouring  has  begun.  With  practice,  one  can  estimate  very 
nearly  the  amount  of  mixture  required  to  fill  a  mold;  it 
should  be  all  mixed  before  starting  to  pour,  especially  in  the 
case  of  light  molds.  For  thick  bodies  one  may  partially  fill 
a  mold  and  then  complete  the  job  by  a  second  pouring; 
but  generally  speaking,  plaster  of  Paris  requires  prompt 
handling. 

10.  Match  Plates  or  Match  Boards. — There  are 
cases  where  match  plateit,  as  they  arc  termcil,  will  be 
found  of  value  in  expediting  the  making  of  joints;  their 
construction  is  very  simple.  Fig,  19  shows  the  mode  of 
constructing  a  match  plate  for  two  patterns,  one  of  which 
comes  wholly  below  the  joint  line  and  the  other  partly 
above  and  partly  below  it.  In  Fig,  19  (A)  the  nowel  is 
shown  rammed  up  and  the  joint  made,  P  and  Q  being  the 
patterns.  The  cope  when  rammed  up  appears  as  seen  in 
Fig.  19  (rt).  The  manipulation  so  far  is  the  same  as  that  re- 
quired for  making  a  casting  from  each  of  the  patterns.  The 
next  step  is  to  mold  the  plate  portion.  This  is  done  by 
banking  sand  against  wooden  strips  -i^  inch  to  \  inch  thick. 
In  this  way  the  body  of  sand  d.  Fig.  19  (c),  is  formed.  The 
thickness  of  this  body  of  sand  should  be  so  chosen  that  it 
will  make  the  plate  strong  enough.  The  gates  are  cut  as 
though  the  casting  was  to  be  poured  through  them.  The 
cope  is  then  closed  and  the  mold  poured,  the  ca-iting  being 
the  match  plate  shown  in  Fig.  13((/),  Fig.  19  {c)  shows  the 
nowel  rammed  up,  the  cope  set  on,  the  gate  pin/  in  place,  and 
the  cope  ready  to  be  rammed  up.  The  ends  of  this  match 
plate  extend  beyond  the  flask  and  contain  notches  for  the 
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flask  pins  to  fit  into,  so  that  the  mold  may  come  together 
properly  when  it  is  closed.  This  will  be  better  understood 
by  reference  to  y,  /",  view  (r),  which  shows  the  pins  guiding 
the  mold.  Should  there  be  any  overlapping  of  joints  in  the 
castings  produced,  the  trouble  will  generally  be  due  to  shaky 
or  untrue  pins.  In  making  the  match  plate,  as  well  as  in 
using  it,  the  pins  on  the  (lask  must  be  carefully  louked  after, 
or  properly  jointed  casLinga  will  not  be  obtained. 

Wwxlen  "matches'"  made  by  the  patternmaker  are  also 
used.  The  match  plate  or  board  is  of  practical  use  only  for 
castings  that  have  plain  outlines  and  are  without  sharp 
corners,  cores,  or  projections. 


GAGGERS  AND   SOLDIERS. 

THEiu  van. 

II,  Gaggirs  and  soldiers  arc  appliances  used  in  combina- 
tion with  flasks  and  cross-bars  to  enable  the  mulder  to  lift 
and  suspend  bodies  of  sand.  Tliis  will  be  better  under- 
stood   by  reference    to    Fig.    21),    which    represents    a    cope 


10  inches  .square  by  5  inches  deep.  If  this  cope  were  rammed 
full  of  good  and  properly  tempered  sand,  having  its  joint 
level  with  the  bottom  edge  of  the  cope  at  i",  the  sand  would 
lift  and  stay  suspended.  If,  instead  of  the  joint  being 
level  with  f,  it  is  desired  to  have  the  cope  sand  project 
down  into  the  nowel,  as  shown  by  the  dotted  line  at  c', 
where  it  extends  more  than  J  inch  below  the  level  at  r,  then 
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this  sand  would  not  be  liable  to  lift  with  the  cope,  or  if  it 
did,  could  not  be  safely  suspended  without  the  use  of  gag- 
gers  or  soldiers.  A  body  of  sand  16  inches  square  and  level 
with  the  lower  edge  of  the  cope,  as  at  r,  is  about  as  large  a 
body  as  can  be  suspended  without  the  use  of  cross-bars — 
such  as  shown  in  Figs.  24  and  25.  Even  with  a  body 
IB  inches  square,  it  is  necessary  to  have  grooves  along  the 
sides  of  the  flask  or  else  projections  like  r,  as  without  one  or 
the  other  of  these  the  sand  will  be  liable  to  slide  out  of  the 
cope.  While  IG  inches  square  is  given  as  being  the  largest 
area  of  sand  that  can  be  safely  suspended,  even  that  cannot 
be  done  in  all  cases. 


MAKING  GAGGERS. 

1 2.     GaKKers  are  made  of  cast  or  wrought  iron.    Fig.  21 
shows  the  form  generally  used.     They  can  be  made  of  either 

square  or  round   iron,  and  are 


»»nin? 


mmr ^iSl    usually  about  4  inches  long  at 


iiiiiiii.,     f<       •'iliii-      ;;;;H    the  toe  ;//,    with   the   shank  « 

from  5  inches  to  20  inches  or 
more  in  length,  according  to 
requirements,  and  from  |  inch 
to  I  inch  in  diameter  or  square. 
^^^'  ^^'  In    some    shops    wrought-iron 

gaggers  arc  used  almost  exclusively;  while  in  others  cast- 
iron  ones  have  the  preference,  as  they  will  not  spring,  are 
cheaper  to  make,  and  have  the  advantage  of  being  readily 
broken  off  to  any  desired  length  when  shorter  ones  cannot 
be  found. 

Wrought-iron  gaggers  are  useful  in  work  where  the  toe 
must  be  bent  to  suit  slanting  surfaces  and  joints.  In  some 
foundries  objection  is  made  to  breaking  cast-iron  gaggers, 
and  to  avoid  breaking  them,  they  are  left  sticking  out  of  the 
cope,  as  shown  at  .9,  Fig.  2G.  Gaggers  sticking  up  in  this 
way  are  liable  to  be  hit  accidentally  after  the  cope  is  closed, 
and  this  may  result  in  the  loss  of  the  casting.  It  is  bail 
practice  to  leave  gaggers  standing  above  the  surface  of  the 


I 


FOUNDRY  WORK. 


jpc.      Cast-iron  gangers  can  lie  maiie  In  fjood  advantage 
I  open  sand    liy  havinj"  frum  four  lu   twelve  patterns  on 


a  board,  as  seen  in  Fig'.  2'J,  and  pressing  the  board  i 

level   bed   of   soft   sand   by 

pounding  on  the  battens  li 

with  a  light  sledge.     When 

the  gaggers    are  cast,    they 

appear  as  shown  in  Fig.  23; 

they  are  easily  knocked  off 

the  runner  c  with  a  hammer. 

The    wrought-iron    gaggers 

are  usually  made  by  cutting  pig.  «. 

straight  bar  iron  into  the  required  lengths  and  bending  the 

toe  >H,  Fig.  21,  in  a  vise,  or  over  an  anvil. 


MAKING  80I.DIBRS. 


13.  Soldiers  arc  merely  strips 
made  by  taking  a  [liece  of  rough  s 
sawed  to  any  desired  length,  andontt 


if  wood.     They  can  be 
iraight-grained  board. 
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desired  size.  They  range  in  size  from  a  thin  strip  to  one 
8  inches  wide.  Often  these  soldiers  will  be  nailed  to  the 
sides  of  crodtt-barit,  so  as  to  assist  in  lifting;  deep  bodies  of 
sand.  The  soldiers,  if  well  sustained  between  the  cross-bars 
by  nailing  tliem  or  by  ramming  them  firmly  between  the 
bars,  will  lift  larger  bodies  of  sand  than  if  gaggers  were 
nsed  over  the  same  area.  In  using  soldiers  they  must  not  be 
placed  too  near  the  surface  of  the  casting  where  there  might 
be  danger  of  the  iron  breaking  the  sand  away  from  their 
surfaces,  for  if  this  occurred,  the  steam  and  gas  from  the 
wood  would  cause  the  mold  to  blow  and  spoil  the  casting. 
Then  again,  if  soldiers  are  to  remain  bedded  in  the  sand 
for  more  than  a  few  hours,  they  should  be  well  soaked  in 
water  before  being  placed  in  position,  for  if  they  swell  in 
the  mold,  they  may  cause  bad  castings. 


SETTING   GAGGERS. 

14.     The  main  thing  to  be  kept  in  mind  when  setting 
gaggers  is  that,  bulk  for  bulk,  a  gagger  is  about  4^  times  as 
IS  rammed  sand. 
Gaggers  are  used  some- 
times  to  aid  in  lifting 
fr  ~  I.  bodies    of     sand    that 

'^■■-  — '      —  ■  1-^  would    have    a    better 

chance  of  being  lifted 
were  the  gaggers  omit- 
ted; this  will  be  better 
Tuiderstood  by  reference 
to  Pig.  24,  in  which  a  body  of  sand  about  3  inches  deep  is  to 
be  lifted.  Gaggers  set  as  at  p  will  do  more  injury  than 
good;  to  be  of  any  service  they  slioutd  be  long  enough  so 
that  at  least  two-thirds  of  their  length  will  be  between  the 
cross-bars,  as  at  tj.  Then  again,  where  gaggers  are  exfwcted 
to  lift  a  heavy  body  of  sand,  not  only  should  they  come  up 
well  between  the  cross-bars  or  in  the  cope,  but  the  sand 
should  be  firmly  peened  and  rammed  between  them. 


A 
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SETTING   CKOSS-BARS. 

tS.  In  piiltiiig  bars  into  ordinary  copes,  a  space  of  from 
5  inches  to  G  inches  between  each  bar  will  answer  for  plain 
work;  but  for  copes  that  have  bars  projecting  into  deep  re- 
cesses in  the  nowel,  or  that  have  tbem  cut  to  permit  of  pro- 
jections in  the  cope,  different  spacing  and  a  different  system 
of  barring  are  often  necessary.  At  s,  t,  and  u.  Fig.  35,  is 
shown  an  objectionable  method  of  setting  cross-bars  in  the 
cope  used  for  making  a  long  casting  of  the  general  cross- 
section  shown  at  P.  One  objection  is  that  the  flat  side  of  a 
cross-bar  is  placed  parallel  with  the  flat  face  of  the  pattern, 
leaving  a  poorly  supported,  thin,  flat  body  of  sand  v.  In 
ramming  sand  in  such  narrow  pockets  as  at  v,  careful 
judgment  must  be  exercised;  if  the  sand  is  rammed  too 
hard,  the  gases  will  not  escape  freely,  and  scabbing  or  blow- 
ing is  likely  to  result.      Another  objection   lo  the   method 


shown  in  Fig.  25  is  that  where  it  is  necessary  to  roll  the  cope 
over,  the  thin  flat  cake  of  sand  is  likely  to  drop  off  unless 
securely  rodded,  which  involves  having  straight  rods  of 
round  iron  coming  from  the  face  up  lietween  the  bars. 
Bars  used  for  lifting  sand  out  of  pockets  or  for  carrying 
hubs  or  other  projections  should  be  arranged  so  as  to 
have  a  considerable  body  of  sand  around  them.  This  not 
only  lessens  the  dangers  due  to  hard  ramming,  or  lack  of 
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freedom  in  venting,  bill  it  gives  more  room  for  ramming  up 
and  seeing  what  is  being  done  when  setting  gaggers.  etc. 
Another  objection  to  using  bars  as  at  s,  I,  and  «  is  that 
the  gaggers  cannot  be  set  very  readily  or  firmly,  and  the 
danger  of  a  "drop  out"  is  greatly  increased.  For  such  a 
job  as  here  shown,  the  bars  should  be  set  across  the  mold,  as 
indicated  by  the  dotted  outline  o  d  in  Fig.  2f!.  The  position 
of  gaggers  1,  2,  G,  7,  anil  .''.  Fig.s,  25  and  211,  shows  lad 


^ 
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V 
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judgment.  The  sand  at  7  would  be  more  likely  to  lift  if 
the  gagger  was  not  used,  as  its  length  is  only  about  that  of 
the  body  of  sand  to  be  lifted,  and  iron,  as  already  explained, 
is  a  great  deal  heavier  than  sand.  If  bars  could  not  li* 
placed  as  at  o  o.  Pig.  2fi.  and  it  were  necessary  In  set  a 
gagger  as  at  /,  Fig,  25,  it  would  be  better  to  keep  it  about 
3  inches  higher  and  reverse  the  toe  of  gagger  2,  bringing 
the  toe  or  point  under  the  bar  toward  the  face  of  the  pal- 
tern.  The  position  of  gaggers  11,  12,  13,  and  7J,  Fig.  2(i. 
in  connection  with  the  bars  at  c,  o,  represents  good  practice. 
Gagger  !)  should  be  reversed,  having  its  toe  turned  tnwarii 
the  face  of  the  pattern,  while  li)  should  lie  brought  forwarJ 
and  have  its  toe  almost  touching  the  face  u(  the  pattern.  If 
the  cope  is  to  be  rolled  over,  more  gaggers  ( /./anil  I^)  shoiiU 
as   the   height   of   the    ramming   increases.     The 


§  3d  FOUNDRY  WORK.  1ft 

points  of  g;iggers  ag;iinst  the  surfaces  of  flat  buciies  nf  sand 
cannot  do  the  harm  that  gaggers  can  when  set  as  at  1  and  9, 
by  not  having  good  support  and  by  producing  soft  spots  in 


URIVING    STAKES    AND  STARTING  THE   JOINT. 

16.  Fig.  20  is  also  useil  to  show  right  and  wrong  meth- 
ods for  staking  copes  that  are  used  over  bedded-in  patterns. 
Stakes  should  be  driven  almost  parallel  to  the  side  of  the 
cope,  as  shown  at  .r;  it  is  bad  practice  to  drive  them  at  a 
considerable  angle,  as  shown  at  /;  a  stake  driven  in  this 
manner  is  liable  to  cause  poor  lifts  and  overshot  castings, 
because  of  the  great  angle  it  makes  with  the  surface  of  the 
floor.  In  staking  Hasks  for  ordinary  work,  at  least  two- 
thirds  of  the  length  of  the  stake  should  be  driven  into  the 
ground.  Sometimes,  to  insure  greater  certainty  in  large 
work,  it  is  best  to  drive  one  stake  behind  another,  as  illus- 
trated by  H  and  x.  To  assist  in  the  lifting  of  such  deep 
copes  as  shown  in  Figs.  25  and  2C,  iron  starting  bars  can 
sometimes  be  used,  as  shown  at  s,  s.  Fig.  25.  It  is  impor- 
tant that  the  cope  be  started  properly;  for  if  it  is  started 
so  as  lo  raise  one  side  before  the  other,  or  if  it  is  started 
with  a  jerk,  the  most  careful  ramming  and  use  of  gaggers 
will  be  of  little  avail  in  giving  a  good  lift.  Where  two  or 
more  men  are  required  to  lift  the  cope,  it  is  often  a  good 
plan  to  first  raise  it  an  inch  or  two  by  raising  each  corner 
alternately  from  ^  inch  to  ^  inch  and  inserting  a  wedge  to 
hold  up  the  corner  as  it  is  lifted,  or  it  may  be  advisable  to 
raise  one  side  of  a  cope  at  a  time,  lifting  it  only  a  small 
distance  at  once;  the  distance  can  usually  be  increased  at 
each  succeeding  lift. 


FINISHING  THE  MOLD. 


n'OHK  HF.QUIRRn  AFTER   nRAn'INR   PATXBRH. 

17.  As  a  rule,  all  molds  reciuire  more  or  less  finishing 
after  the  pattern  has  been  drawn,  bench-work  castings  re- 
quiring the  least  of  any.      Some  light-work  patterns  are  so 
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finely  made  and  gated  that  the  cope  may  be  closed  as  soon 
as  the  pattern  is  drawn,  there  being  no  finishing  whatever 
required;  in  heavy  work,  however,  the  reverse  is  usually 
true.  In  some  cases  it  may  take  longer  to  finish  a  mold 
than  it  took  to  ram  it.  This  may  be  due  to  the  intricacy 
of  the  design,  or  to  bad  work  in  drawing  the  pattern,  or  it 
may  be  due  to  the  manner  in  which  the  mold  was  rammed  up. 


CARB  AND  SKILL  IN  RAMMING. 

18.  Two  molders  may  ram  up  the  same  pattern  in  the 
same  flask,  and  yet  one  may  take  twice  as  long  to  finish  the 
mold  as  does  the  other.  As  a  rule,  the  greater  the  care, 
skill,  and  time  bestowed  on  ramming,  the  less  time  is  re- 
quired on  finishing;  the  skilled  and  careful  workman,  gen- 
erally speaking,  so  rams  his  mold  as  to  require  the  least 
time  in  finishing. 

In  the  case  of  many  heavy-work  molds  the  inserting  of  a 
nail  or  rod  at  the  corners  and  flanges  when  ramming  will 
render  them  less  liable  to  start  or  break  when  drawing  the 
pattern ;  and  there  are  but  few  such  molds  in  which  care  in 
ramming   will    not    prevent    their  having    soft   places  that 
require  to  be  patched.      In  some  cases,  the  soft  places  that 
occur  from  careless   ramming   may  be  so  extensive  as  to 
cause  large  portions  of  the  mold  to  break   and  fall  down 
while  the  pattern  is  being  drawn.      In  the  ramming  of  copes 
especially,  there  is  an  opportunity  to  save  subsequent  labor 
in  finishing.      Some  molders  use  so  little  skill   and  care  in 
ramming  the  cope,  that  when  it  is  lifted  off,  the  sand  will  be 
soft  under  all  the  cross-bars.     Where  this  occurs,  the  soft 
places  must  be  ])resscd  down  solidly  with  the  fingers,  sand  -: 
filled  in  firmly  by  hand,  and  rubbed  off  level  with  the  rest  of 
the  mold  by  using  a  finishing  block  or  straightedge  before 
the  surface  is  ready  to  be  sleeked  with  the  trowel.     AH  of 
this  extra  work  can  be  avoided  by  careful  ramming.     A  cope 
that  is  so  rammed  that  when  lifted  the  sand  under  the  cross- 
bars has  to  be  worked  over  to  make  it  solid  will  rarely gi^^ 
as  good  and  true  a  surface  as  would  otherwise  be  the  case. 


DRY  WORK. 

MAILS   AKD  RODS   AT  JOINTS  AKD  COBNEUS. 

IS.     A  jiiOifious  use  of  nallH  or  rods  in  ramming  and 
finishing  molds  may  prevent  many  castings  from  being  de- 
(cclive.      It  is  possible,  however, 
to  use  them   too   freely   or   im-         u"'  '" 

properly.     A  nail  should  not  be   ^ffi-il^  A-t^ 

used  as  seen  at  w,   Fig.   27,  as    g^.;)  .'-^^i^ 

hen  driven  in  this  manner,    ii  il;^ 

only  adds  weight  to  the  edge    m  J^0 

the   mold,   instead   of   giving    i!  ''-.M 

Gupport  to  keep  it  from  drop-  ",~^ 

pinic.     The  proper  way  of  ualu-j; 
ftueh  nails  or  rods  is  shown  at  '.' 

Here  the  nail  is  driven  in  such  ;i  way  as  in  take  it  away 
fruin  the  face  of  the  patti-rn  into  the  body  of  the  sand, 
where  it  can  have  a  firm  hold  and  assist  in  keeping  the  edge 

om  dropping. 

PATCHING  THE   MOLD. 

20>  Often  the  mold  is  more  or  less  broken  in  drawing 
the  pattern.  Whenever  practicable  the  mold  should  be 
mended  with  the  hand,  and  then  smoothed  off  with  a  fin- 
iHhlnE  block  or  straightedge  to  as  nearly  as  possible  the 


ptoi«rfonn,  before  a  trowel  or  other  finishingf  tool  is  used. 
|;qWi^<lprit  patcb  such  places  with  a  trowel;  but  when 
""  "'       I  trowel  and  presses  it  on  to  the  mold,  he 
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gives  the  face  of  the  patched  part  a  smooth  surface,  with 
which  the  next  trowel  of  sand  will  not  unite  as  well  as  when 
the  broken  parts  are  built  up  by  using  only  the  hands. 
The  objection  to  patching  with  a  trowel  is  that  the  patched 
part  may  be  easily  loosened  and  drop  if  the  cope  is  slightly 


Pig.  S9. 


jarred ;  or  it  may  be  washed  off  by  the  friction  of  the  inflow- 
ing metal  when  the  mold  is  poured.  Fig.  28  shows  the 
molder's  hand  patching  a  broken  corner  with  a  trowel,  while 
Fig.  29  shows  the  hand  being  used  to  get  the  part  in  proper 
form  before  the  trowel  is  used. 


SWABBING   BROKBN   CORNERS. 

21.  Many  molders  before  starting  to  patch  a  broken 
mold  freely  wet  the  surface  with  water,  thinking  thereby  to 
make  the  sand  stick  better  to  the  broken  body.  Unless  the 
broken  surface  is  drier  than  the  rest  of  the  mold,  it  should 
not  be  moistened.  If  it  should  require  moistening,  how- 
ever, the  mouth  or  one  of  the  spraying  devices  shown  i^^ 
Figs.  15  and  10  should  l)e  used;  for  when  the  water  is  pu^ 
on  with  a  swab  or  sponge,  it  is  liable  to  make  the  surface  ot 
the  broken  part  too  wet,  and  this  may  do  more  harm  than 
good. 
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MOISTURE  IX   MOI.D8. 

22.  Ill  tempering  green  sand,  it  is  given  a  certain  de- 
gree of  niulsture,  and  when  this  is  too  great  the  volume 
of  steam  created  by  the  hot  metal  in  the  moid,  during  the 
pouring,  may  become  dangerous.  The  sand  will  permit  a 
certain  amount  of  steam  to  pass  through  it  without  harm; 
hut  when  a  molder  makes  the  under  surface  of  his  mold  too 
wet,  and  then  fills  the  mold  with  molten  metal,  the  metal 
rapidly  heats  the  sand  to  a  temperature  sufficiently  high  to 
change  the  water  to  steam,  and  this  steam  will  liberate 
itself  in  the  line  of  least  resistance.  If  the  wet  portion  of 
the  mold  has  been  well  vented,  the  steam  may  pass  off 
through  the  sand,  hut  the  chances  are  that  the  line  of  least 
resistance  will  be  through  the  liquid  metal.  If  the  steam 
passes  through  the  metal,  il  is  likely  to  have  enough  force 
to  raise  {in  part,  at  least)  the  body  of  sand  that  is  covered 
by  the  metal.  If  it  does  this,  we  may  expect  lumps  or  scabs 
on  the  casting,  making  it  defective.  Or  again,  there  may  be 
so  much  steam  created  that  it  will  start  the  mold  blowing, 
and  this  may  result  in  losing  the  casting;  or  worse  still,  in 
throwing  the  iron  out  of  the  mold  at  the  risk  of  life  and 
property.  As  a  rule,  it  is  safe  to  mend  a  broken  part  of  the 
mold  without  first  wetting  il,  and  then  after  the  patching 
is  completed,  to  take  a  swab  and  wet  the  surface  of  the  fin- 
ished part,  in  some  cases  quite  heavily,  and  still  have  no  in- 
jurious results  from  steam.  This  is  owing  to  the  fact  that 
in  order  to  escape,  the  steam  will  not  have  to  raise  a  body 
of  the  sand.  The  steam  being  created  at  the  surface,  the 
portion  that  does  not  pass  off  through  the  sand  has  only 
the  iron  to  pass  through  in  order  to  escape.  In  doing  this, 
it  may  make  the  casting  blow  to  some  extent,  as  it  would  if 
the  steam  had  come  from  the  lower  parts  of  the  mold;  but 
if  the  blowing  is  not  too  great  from  this  cause,  the  casting 
will  not  be  injured. 

An  illustration  of  what  is  to  be  expected  from  steam  con- 
fined under  the  surface  of  the  mold  is  shown  in  the  fact 
that  one  can  cover  the  surface  of  a  body  of  liquid  metal 
with  water  without  any  injurious  consequences,  the  reason 

S-  fill.  ly.—is. 
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being  that  the  steam  is  created  on  top  of  the  iron  and  has 
simply  to  pass  off  into  the  atmosphere  in  being  liberated. 
Let  one  try,  however,  to  place  the  same  body  of  water  in 
the  bottom  of  a  ladle  and  then  pour  liquid  metal  in  on  top 
of  the  water;  the  result  will  be  an  explosion  that  will  drive 
all  the  iron  out  of  the  ladle,  and  possibly  seriously  burn 
those  near  by.  Dampness  can  only  exist  with  safety  so  long 
as  it  is  on,  the  top  of  metal;  if  it  occurs  underneath  the 
metal,  serious  results  may  be  expected.  If  the  molder  will 
bear  this  principle  in  mind  when  swabbing  any  part  of  his 
mold,  he  will  have  very  little  trouble  with  scabs  or  blowing 
as  a  result  of  an  excess  of  moisture. 

Another  evil  resulting  from  the  use  of  too  much  water  in 
finishing  a  mold  lies  in  its  hardening  the  metal  at  the  point 
of  extra  dampness.  The  edges  of  castings  can  be  made  so  hard 
by  extra  dampness  in  the  sand  at  such  points  that  a  file  will 
not  cut  them.  Another  effect  of  excessive  dampness  is  to 
give  the  iron  an  extra  amount  of  combined  carbon  at  such 
points;  this  alteration  of  its  physical  nature  may  cause  a 
casting  to  crack  when  cooling,  or  break  in  pieces  when  put 
into  use. 


VENTING   PATCHED   AND  SHARP   BODIES  OF  SAND. 

23.  It  is  always  well  to  vent  patched  parts  of  a  mold 
with  a  3^-inch  vent  wire,  for  usually  the  patched  sand  will 
be  harder  and  damper  than  the  rest  of  the  mold.  Again,  in 
many  large  molds  having  corners,  projections,  etc.,  it  is 
a  good  plan  to  pass  a  fine  wire  from  the  face  downwards  into 
the  body  of  the  mold  to  a  depth  of  from  4  to  6  inches. 
These  fine-wire  vents  will  ])rovide  a  means  of  escape  for 
the  gases  to  the  larger  vents,  and  if  made  about  1  inch  apart 
over  the  surface  most  likely  to  scab,  that  evil  will  be 
avoided.  Many  molders  make  a  practice  of  venting  almost 
every  sharp  corner  or  projection  in  large  molds,  and  al- 
though this  takes  time,  yet  it  pays  in  the  end,  for  it  is 
seldom  that  any  delicate  portion  of  molds  so  vented  gi^^^ 
scabbed  castings.     To  prevent  such  fine  venting  breaking 
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the  surface  of  tlie  molds,  the  vent  wire  is  run  through  the  open- 
ing between  two  fingers, 
as  shown  in  Fig.  30.  The 
tops  of  the  fine  vent  holes 
are  stopped  up  by  press- 
ing the  fingers  or  palm 
of  the  hand  over  them, 
and  then  going  over  the 
holes  with  a  little  fine- 
sieved  sand,  rubbing  it 
into  them  with  the  hand ; 
after  this,  the  surface  is 
neatly  sleeked  and  then 
dampened  lightly  with  a 
swab,  or  sprayed.  The 
success  of  some  molders 
in  getting  large  castings' 
free  from  scabs,  etc.,  is 
due  in  part  to  their  habit 
of  using  the  fine  vent 
wire  at  corners  when  fin- 
ishing their  molds. 


USING   THE  THOWEL. 

24.  0»nsiderablc  skill  is  required  in  handling  a  trowel 
properly.  When  one  first  uses  a  trowel,  he  is  liable  to  dig 
into  the  sand  and  do  more  harm  by  loosening  the  sand  than 
he  does  good  by  pressing  it  down  to  a  solid  smooth  surface. 
The  trowel  should  never  be  kept  flat  on  the  body  being 
sleeked,  as  in  Fig,  31.  The  proper  way  to  use  it  is  to  raise 
one  edge  slightly,  as  at  li.  Fig.  32;  it  is  here,  however,  ele- 
vated an  excessive  amount  for  the  purpose  of  illustrating 
the  idea  more  clearly.  The  trowel  should  have  its  forward 
edge  raised  only  about  ^  inch,  this  being  just  enough  to 
keep  it  from  digging  into  the  sand  and  yet  not  leave  a 
fiat  face  on  the  sand.     If  one  is  an  expert,  he  may,  in  many 
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cases,  sleek  green-sand  surfaces  with  the  whole  flat  surface 
of  the  trowel  bearing  on  the  sand. 


Fig.  31. 


In  handling  a  trowel,  the  first  finger  should  project  as  far 
on  the  blade  as  convenient,  so  as  to  give  a  pressure  to  the 


Fig.  32. 


blade,  as  seen  in  Fig.  31 ;  a  novice  will  usually  grasp  a  trowel 
by  the  handle,  as  seen  at  c  in  Fig.  32. 
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A  facing  of  dry  blackening  or  silver-lead  dust  should 
rarely  be  sleeked  on  the  surface  of  a  mold  with  the  flat  of 
a  trowel;  for  if  the  blackening  does  not  stick  to  the  trowel, 
it  is  liable  to  loosen  in  such  a  manner  as  to  lift  when  the 
mold  is  being  poured  and  cause  what  are  called  blackening 
scabs  to  appear  on  the  casting. 


USING  THE  SLBBKING  TOOLS. 

25.  When  sleeking  wet  blackening  on  cores  or  molds 
(skin-dried,  dry-sand,  or  loam  work),  the  trowel  must  be 
kept  tilted.  If  at  any  time  the  flat  face  of  the  trowel 
or  any  other  finishing  tool  touches  the  wet  blackening,  it 
will  stick  to  it.  Not  only  must  the  finishing  tool  be  tilted, 
but  it  must  be  kept  in  motion,  for  if  still  an  instant,  the  wet 
blackening  will  stick  to  it.  Considerable  skill  is  required  in 
sleeking  wet  blackening,  and  much  experience  is  necessary 
before  one  can  handle  finishing  tools  in  such  a  manner  as 
not  to  start  the  blackening,  the  effect  of  which  would  be  to 
cause  blackening  scabs  on  the  casting.  Some  wet  blacken- 
ings  are  so  difficult  to  sleek  that  it  is  necessary  to  keep  con- 
stantly dipping  the  tools  in  water,  in  order  that  they  may 
slide  more  easily  over  the  blackened  surface. 


OTHBR   FINISHirVQ   TOOLS. 

26.  A  molder  should  have  a  good  set  of  molding: 
tools.  Some  shops  demand  that  a  molder  be  well  equipped 
with  tools;  in  fact,  they  often  go  so  far  as  to  require  the 
molders  to  have  tools  that  will  fit  nearly  every  variation  in 
the  shapes  of  edges  and  corners  that  may  exist  in  their 
patterns,  and  if  these  shapes  are  out  of  the  ordinary  line 
manufactured  by  regular  toolmakers,  they  will  have  the 
special  tools  made. 

The  trowels,  lifters,  and  double-cndcrs  are  usually  made  of 
steel,  while  the  other  tools  are  often  made  of  cast  iron  and 
brass.     Brass  tools  will  sleek  wet  blackening  better  than  those 
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made  of  iron  or  steel,  although  if  steel  tools  are  nicely  made 
and  finished,  many  molders  can  do  better  work  with  them 
than  with  those  made  of  brass.  Figs.  31  and  33,  and  also 
Fig.  41,  Foundry  IVork,  Part  1,  show  the  ordinary  finishing 
tools.  These  can  be  obtained  from  dealers,  in  different  sizes. 
A  tool  box  especially  designed  to  hold  tools  in  such  a  man- 
ner that  any  one  of  them  can  be  readily  found  is  very 
desirable,  and  the  tools  should  always  be  clean  and  in  good 
order,  ready  for  use." 

The  names  of  the  tools  shown  in  Fig.  33  are  as  follows: 


(/) 


Fig.  38. 


(a),  flange  and  lifter;  (/;),  flute;  (r),  bead;  (t/),  double 
square;  (f),  Jankee  No.  1;  (/),  pipe  slick;  (^),  half-round 
corner;  (//),  inside  square  corner;  (/),  square  corner. 


SLRRKING   AND  PRINTING   DRY   BLACKENING. 

27.  After  the  surface  of  a  mold  has  been  finished,  it'^ 
often  necessary  to  **  dust  on  "  blackening  (or  to  rub  it  ^'^ 
with  the  hand)  and  then  to  sleek  it  down  solidly  with  the 
same  tools  that   were  used  in  finishing  the  surface   of  the 
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sand.  For  heavy  castings,  it  is  best  to  rub  on  the  lilack- 
ening  with  the  hand;  especially  is  this  necessary  when  put- 
ting it  on  the  sides  of 
molds  and  copes  that  can- 
not be  rolled  over.  In  a 
great  variety  of  work,  the 
blackening  can  be  sha- 
ken out  of  a  cheese-cloth 
or  other  thin  cotton-cloth 
bag,  as  in  Fig.  34;  or  it  can 
be  scattered  by  the  hand 
in  the  same  way  that  part- 
ing sand  is  spread.  After 
a  mold  has  been  mated 
with  dry  blackening,  it 
should  be  sleeked  as  soon 
as  can  be  conveniently 
done.  If  there  is  any  de- 
lay, the  blackening  is  likely 
to  absorb  the  moisture  from  the  sand ;  with  some  blackcnings 
it  will  then  be  difficult  to  sleek  them  without  their  sticking 
to  the  trowel,  the  result  of  which  will  be  a  badly  finished 
mold  that  may  cause  blackening  scabs.  Where  trouble  is 
caused  by  the  blackening  sticking  to  the  toot,  it  is  best  to 
dust  on  a  light  coat  of  charcoal  over  the  top  of  the  heavy 
.sticky  blackening.  Charcoal  dust  is  very  light  and  is  slow 
to  absorb  moisture;  this  makes  it  an  excellent  material  to 
aid  in  the  sleeking  of  sticky  grades  of  blackening.  Where 
charcoal  has  been  used,  bellows  are  necessary  to  blow  off  all 
the  dust  that  does  not  adhere  to  the  surface  of  the  mold;  If 
this  is  not  done,  the  loose  dust  will  run  before  the  metal 
when  the  mold  is  poured,  and  gather  in  lumps.  In  fact, 
where 'it  is  desirable  to  have  clean,  sound  castings,  it  does  no 
harth,  whatever  may  be  the  grade  of  blackening,  to  use  the 
beilows  to  blow  off  the  dust,  provided  the  face  of  the  mold 
is  not  broken  by  the  force  of  the  blast. 

It  is  chiefly  in  medium -weight  and  heavy  castings  tliat  it 
is  found  necessary  to  sleek  dry  blackenings.     In  light  work, 
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another  plan,  called  prlntlns:^  is  largely  followed.     This 
consists  in  shaking  the  blackening  (out  of  a  bag)  evenly  over 
the  whole  surface  of  the  mold  and  then  setting  the  pattern 
back  carefully  into  the  mold;  the  pattern  is  then  rapped 
down    lightly   over   the   whole   of  its   surface   and    in  this 
way  pressed  into  the  blackening  dust.     It  is  again  rapped 
lightly  (to  loosen  it  in  the  mold)  and  then  withdrawn.     If 
the  above  is  properly  done,  the  loose  blackening  dust  will 
have  been    pressed  down  solidly  on  the   face  of  the   mold 
and   will  give  form    to  the    most  delicate   imprint   of  the 
pattern.     In  printing   patterns,  the  molder  generally  has 
at  least  two  bags ;  one  holding  a  heavy  blackening  that  he  will 
shake  on  first,  the  thickness  of  this  first  coat  being  sufficient 
merely  to  cover  the  face  of  the  mold,  only  about  -^  inch. 
The  second  bag  will  contain  charcoal  dust,  or  some  other 
light  grade  of  a  specially  prepared  blackening.     As  soon  as 
the  dust  from  the  first  bag  has  settled,  the  second  bag  will 
be   used,   after   which   the   pattern    is    **  printed  back,"  as 
described.     In  doing  this,  the  pattern  must  be  perfectly  dry. 
This  is  very  important,  for  if  there  is  the  least  moisture 
about  the  pattern,  the  blackening  will  stick  to  it  when  it  is 
withdrawn  from  the   mold.     After  a  pattern  has  been  im- 
printed, bellows  are  often  used  to  blow  off  any  blackening 
dust    that    may    not    have    been    firmly  pressed   on  to  the 
surface  of  the  mold. 


SKIiV-l)RIEl>    MOLDS. 


GBNBRAL   RKMARKS. 

28.  Many  large  castings  that  it  was  formerly  thought 
impossible  to  make  except  in  dry-sand  or  loam  molds  are 
now  made  in  green-sand  molds  by  skin-dryings.  Skin- 
drying  is  also  practiced  with  lighter  work  for  the  purpose 
of  giving  green-sand  castings  the  surface  and  color  of  dry- 
sand  ones. 

It  may  be  advisable  to  skin-dry  some  molds  because  of 
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the  nature  of  the  sand  used;  this  may  contain  too  much 
clay,  or  it  may  be  of  such  character  that  it  wouhl  not  other- 
wise withstand  the  heat  and  wash  of  the  metal.  The  pur- 
pose of  "skin-drying"  is  to  give  green-sand  molds  a  hard 
surface,  devoid  of  moisture  as  far  as  possible,  and  like  the 
hard  and  dry  surface  found  in  dry-sand  and  loam  molds. 
For  this  purpose  special  physical  characteristics  are  re- 
quired in  the  sand  that  is  used  for  the  facing,  as  common 
heap  sand  can  be  used  only  for  the  backlnjc.  The  facing 
sand  should  be  of  a  loamy  open  nature,  hardening  only  when 
healed,  and  also  sufficiently  porous  to  permit  the  metal  to 
lie  against  its  surface  without  bubbling  or  boiling.  When 
unable  to  obtain  the  right  grade  of  sand  for  making  facing, 
the  ordinary  grades  may  be  used  if  mixed  with  flour,  beer, 
molasses  water,  or  clay  wash.  When  flour  is  used,  the  usual 
proportions  are  ]  part  of  flour  to  from  20  to  30  parts  of 
sand,  according  to  the  nature  of  the  latter.  When  flour  is 
used  in  the  saiul,  rare  must  be  taken  in  drying  the  mold, 
for  if  the  heat  is  great  enough  to  burn  the  flour,  it  will  cause 
the  surface  of  the  mold  to  crumble.  The  beer,  molasses 
water,  or  clay  wash  may  in  some  cases  be  used  for  wetting 
sand  that  has  been  mixed  with  flour,  or  the  flour  may  be 
omitted  and  the  sand  sufficiently  strengthened  by  the  aid 
of  the  washes.  Again,  some  sands,  on  account  of  their 
closeness,  may  require  to  have  a  sharp  sand  mixed  with 
them.  Some  localities  possess  molding  sand  naturally 
adapted  to  skin-drying,  while  others  do  not,  and,  therefore, 
in  the  latter,  more  or  less  "doctoring"  will  be  necessary  to 
make  the  sand  serviceable.  The  thickness  of  the  facing 
used  against  the  pattern  generally  ranges  from  1  to  2  inches. 
After  the  facing  sand  has  been  banked  against  the  pattern, 
common  heap  sand  is  used  for  a  backing,  and  the  mold 
rammed  in  the  manner  generally  followed  in  green-sand 
work. 

The  facing  for  skin-dried  molds  is,  as  a  general  rule,  used 
a  little  damper  than  facings  would  be  for  common  green- 
sand  work. 

In  cases  where  the  sides  of  molds  are  very  deep,  and  very 
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heavy  or  ileep  copes  arc  used,  it  is  often  well  to  ram  up 
^-inch  t'*  J-iiich  rods  with  every  other  course,  as  at 
Nos.   1  to   /",   Fig.   3o.     Where   the  copes  are  skin-riried, 


they  should,  as  a  general  thing,  be  very  closely  i 
aiid  with  some  grades  of  sand,  the  surface  shoidd  have  nails 
between  all  the  gaggers  with  the  heads  coming  even  wilh 
the  face  of  the  mold  and  covered  only  with  the  blarlcening; 
for  if  this  is  not  done,  the  dried  crust  on  the  surface  *if  ih" 
mold  may  easily  drop  off.  Not  only  is  this  practiced  witli 
copes,  but  in  some  cases  molders  will  nail  the  side  of  now»l' 
that  are  over  (i  inches  deep  as  a  protection  against  thedfifl 
crust  falling  away  from  its  green  backing.  The  gates  ■"" 
portions  of  the  mold  where  the  metal  first  enters  arc  gener- 
ally the  parts  that  should  be  well  nailed,  for  in  skin 
molds  if  the  surface  once  becomes  broken  it  soon  W 
the  crust  away,  after  which  the  material  offers  no  % 
resistance  to  the  rushinj;  metal  than  would  t 
dust. 
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In  linishing  the  joints  of  akiii-dried  mi.ilds,  it  is  essential 
that  they  be  Htaaved  as  at  /,  Fig.  35,  so  as  to  prevent  their 
crushing  when  the  copes  are  closed,  for  the  least  pressure 
on  the  joint  at  the  edge  of  such  a  mold  may  readily  cause 
a  cruHli.  There  is  no  class  of  molds  that  requires  more 
delicacy  in  handling,  for  the  surface  is  only  a  crust  about 
i  inch  thick  that  has  but  little  union  with  the  body  of  the 
mold,  and  may  easily  be  separated  from  it  by  any  jarring. 
Some  molders  will  not  trust  to  the  nails  for  holding  the  por- 
tions of  the  mold  surrounding  the  gates,  but  instead  make 
cores  the  shape  of  that  part  of  the  mold  and  ram  them  up 
with  the  pattern.  This  is  the  best  method  for  preventing 
skin-dried  molds  from  cutting  at  the  gates. 


FINISHING   A   SKIN-DRIED  MOLD. 

29.  After  the  mold  has  been  made  and  its  surface  nailed 
over,  as  just  described,  it  is  finished  by  wetting  the  entire 
surface  with  beer  or  molasses  water.  This  is  done  lightly 
by  means  of  a  camel's-hair  or  other  soft  brush.  After  the 
surface  has  been  moistened  it  is  sleeked  up  with  finishing 
tools,  as  in  finishing  any  green-sand  mold.  Where  molds 
are  very  large,  they  are  moistened  and  finished  in  sections, 
for  if  all  the  surface  of  a  large  mold  were  moistened  at  one 
time,  portions  of  it  would  be  too  dry  to  finish  well  by  the 
time  the  molder  reached  them ;  when  there  is  more  than  one 
molder  working  on  a  job,  this  precaution  may  not  be  neces- 
sary. The  mold  having  been  sleeked  with  the  finishing 
tools,  the  next  proceeding  is  to  blacken  its  surface,  which 
may  be  done  in  one  of  two  ways.  One  is  to  blacken  the 
mold  in  the  same  manner  that  a  dry-sand  or  loam  mold  is 
blackened;  the  other  is  to  rub  the  blackening  on  dry  in  the 
dust  form  and  then,  after  sleeking  it  as  in  Art.  27,  to 
mi)isten  the  surface  heavily  with  molasses  water  or  beer 
wash  (the  former  is  preferable),  applying  the  liquid  with  a 
soft  brush.  Rubbing  the  blackening  dust  on  h  only  neces- 
sary on  the  sides  fif  the  mold,  as  a  bag  can  be  used  to  shake 
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it  on  the  bottom.  These  two  methods  of  blackening  may 
often  be  used  to  advantage  on  the  same  mold.  The  plan  of 
rubbing  the  blackening  on  dry  and  then  going  over  it  with 
the  molasses  water  or  beer  wash,  does  not  dampen  the  sur- 
face as  much  as  when  it  is  blackened  with  an  all-wet  black- 
ening, as  in  the  case  of  a  dry-sand  or  loam  mold.  The  rea- 
son why  these  two  plans  of  blackening  will  sometimes  work 
well  together  is  because  in  skin-drying  the  mold  with  fire- 
pans or  sheet  plates,  there  are  some  parts  that  will  receive 
more  heat  than  others. 

By  exercising  care  and  judgment  in  dampening  the  sand 
and  in  blackening,  all  parts  of  the  mold  may  become  dry  at 
about  the  same  time ;  if  the  work  is  done  in  such  a  way  that 
one  part  dries  before  the  others,  it  may  burn.     In  blacken- 
ing the  surface  it  should  be  done  as  smoothly  as  possible,  so 
as  to  avoid  the  necessity  of  much  sleeking.     By  sleeking 
the  wet  blackening,  a  smoother  casting  may  be  produced; 
but  unless  it  is  carefully  and  skilfully  done,  there  is  more 
or  less  danger  of  the  sleeking  causing  scabs.     In  putting 
the  blackening  on,  it  can  be  used   thin  enough  not  to  be 
**  streaked,"  and  with  care  in  using  a  camel's-hair  brush,  no 
streaks  need  be  shown,   so  that  the  castings  can  be  made 
nearly  as  smooth  as  if  the  blackening  were  sleeked,  and  the 
danger  caused  by  sleeking  can  be  avoided. 


DRYING   A   SKIN-ORIBO   MOLD. 

30.  General  Directions.  —  In  drying  these  molds, 
considerable  judgment  is  required,  for  a  scheme  that  will 
work  well  with  one  mold  may  not  answer  for  another.  That 
method  must  be  adopted  which  is  best  suited  for  the  workm 
hand.  For  example,  some  molds,  such  as  those  for  anvil 
blocks,  etc.,  may  be  dried  by  setting  a  fire-pot  in  them  as 
shown  in  Fig.  35,  where  the  cope  is  shown  being  dried 
above  the  nowel.  Sometimes  the  mold  may  be  of  such  a 
form  as  to  reciiiire  a  flat  or  square  pan  instead  of  this  cylin- 
drical kettle  here  shown;  and  with  some  molds  this  plan  will 
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not  answer  at  all,  because  they  are  so  sha|ie(l  that  kctllfs  or 
pans  cannot  be  nsed  in  them.  These  molds  may  be  such 
that  their  surfaces  can  be  dried  by  laying  sheel-iron  plates, 
perforated  with  small  holes,  over  them,  and  placing  a  fire 
upon  the  plates;  but  this  is  a  plan  rarely  used  where  kettles 
or  pans  can  be  employed. 

The  fuei  commonly  used  in  these  appliances  is  charcoal; 
the  fire  should  be  mild  and  steady,  especially  at  the  start, 
since  too  strong  a  fire  is  apt  to  blister  the  face  of  the  mold. 
Sometimes  the  cope  and  the  nowel  may  be  dried  together 
by  having  the  cope  propped  up  clear  of  the  nowel,  and  then 
heating  between  them  by  means  of  fire  on  perforated  plates 
or  in  pans.  Again,  the  mold  may  be  such  as  to  permit  of 
its  being  closed  while  being  dried,  the  riser  and  gates  being 
left  open  to  let  out  the  steam,  as  shown  in  Fig.  35.  In  the 
illustration  the  upright  pouring  gates  are  marked  c,  the 
inlet  gates  e'  and  i-',  the  riser  _/",  the  feeder  J'',  and  the  fire- 
kettle  t.     The  dried  crust  c  is  shown  shaded. 

Natural  or  artificial  gas  may  be  used  for  drying  molds. 
The  gas  is  conveyed  to  the  mold  in  a  rubber  tube  having  a 
piece  of  gas  pipe  in  the  end,  and  then  burned  against  the 
face  of  the  mold. 

Green-sand  cores  or  bodies  forming  the  interior  of  molds 
are  generally  skin-dried  by  placing  them  in  an  oven  and 
keeping  the  heat  mild  and  uniform.  To  ascertain  if  a  mold 
or  core  is  skin-dried  deep  enough,  it  may  be  tested  by  cut- 
ting a  small  hole  in  the  surface,  or  by  pressing  the  surface 
with  the  fingers.  The  most  diflUcult  places  to  dry  by  means 
of  kettles  or  pans  are  the  corners  of  a  mold,  as  at  ^,  Fig.  35. 
The  sides  of  some  molds  might  be  baked  and  the  binding 
material  burned  to  ashes  before  the  corners  could  be  dried. 
To  get  the  corners  dry  it  is  often  necessary,  after  a  kettle  or 
pan  fire  has  been  taken  out,  to  place  hot  coals  or  hot  irons 
around  in  them  to  get  them  dry.  It  is  here  that  the  advan- 
tage of  gas  or  hot  air  is  apparent,  as  by  either  of  them  the 
heat  can  be  directed  to  any  given  spot  until  it  is  thoroughly 
dried. 

Any  one  wishing  to  acquire   skill  in   skiii-drying  molds 
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should  beyin  on  a  small  scale,  as  he  is  liable  to  inakt;  many 
blunders  at  the  start. 

31.  Gas  Burner  for  Drylnfc  a  MoId.^A  }fOod  plan 
to  follow  when  drying  molds  by  gas  is  to  substitute  a  Bun- 
nen  burner  for  the  pipe.  *  The  objection  to  using  an  open 
pipe  burner  in  the  foundry  is  that  usually  a  i-inch  or  J-inch 
pipe  is  used,  which  is  not  only  wasteful  of  gas,  but  its  flame 
deposits  such  a  coating  of  soot  on  the  face  of  the  mold  that 
comparatively  little  drying  is  accomplished. 

The  burner  illustrated  in  Fig.  3(i  has  been  designed  and 
used  for  this  class  of  work;  it  is  also  well  suited  for  aujr 
work  requiring  a  gas  heater.  As  ordinarily 
eiinstructed,  the  burner  consists  of  a  piece  of 
j-inch  pipe  d,  C  inches  long,  ihrvaded  at  one 
end  and  screwed  into  a  reducer  ^,  as  shown 
in  Fig.  3(!.  The  reducer  has  five  J-inch  holesr 
drilled  into  it  to  admit  air.  More  boles  may 
be  drilled  if  required,  and  if,  on  the  contrary 
it  is  found  that  too  much  air  is  being  fur- 
nished, some  of  them  may  be  plugged  upirilli 
wood  or,  better,  by  tapping  the  extra  onta 
and  putting  in  ,'j-inch  screws.  A  J-inch  pipe 
about  a  feet  lung  is  threaded  on  one  end  and 
closed  with  a  plug  driven  or  screwed  into  ii. 
A  ,V-'"^'i  h<''«  drilled  lengthwise  tbrouKh 
the  plug  (•  furnishes  the  right  proportion  of 
Fio.  38.  gas  to  the  burner.      The  plug  c  should  eilHNi 

at  least  J  inch  past  the  holes  c. 

When  constructed  in  this  manner  the  burner  may  l« 
used  upside  down  or  in  any  other  position,  It  gives  no  IIe'"' 
but  a  great  deal  of  heat. 


GATING   A   HUlN-nulBIt  MtlLn. 

32.     In   )£"*>••«  skin-dried  molds,  the  method  that* 
induce  the  least  friction  between  the  flowing  nielal  and  th'  J 
surface  of  the   mold  is,  as  a   nile.   the   best  to  adopt,    ?! 
Fig.  35  arc  shown  two  meth'^ds  of  gating  ihal  can  be 
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witli  a  large  variety  of  molds.  With  a  gate  like  that 
tnarked  *■*,  tlie  metai  will  flow  in  as  shown  by  the  arrow  b. 
Such  a  gate  as  this  will  cause  great  friction  between  the 
metai  and  the  face  of  the  mold,  and  unless  the  whole  surface 
fronting  the  inlet  gates  is  nailed  very  closely,  with  the  heads 
of  the  nails  even  with  the  bottom  face  of  the  mold,  ihe  cast- 
ing will  scab  at  that  point.  Instead  of  nails,  strong  cores 
may  be  used  to  form  all  the  surface  fronting  the  inlet  gate, 
thus  preventing  scabbing  at  that  portion  of  the  mold. 

The  best  kind  of  gate  to  use  for  such  work  is  shown  at  e' 
on  the  right  of  the  illustration.  Here  the  metal,  on  enter- 
ing the  mold,  will  come  up  from  the  bottom,  as  at  h',  and 
flow  gently  all  over  the  face  of  the  mold,  causing  little  or 
no  friction  that  might  cause  scabs.  This  form  of  gate  is 
easier  on  the  face  of  a  mold  than  any  other.  It  can  be  ap- 
plied to  a  large  class  of  molds.  The  only  objection  to  it  is  that 
it  does  not  distribute  the  dirt  created  in  the  pouring  runner 
and  gates  or  that  may  come  from  the  scum  of  the  ladle. 
As  a  rule,  all  such  dirt  will  collect  in  a  body  and  stay  float- 
ing right  above  the  inlet  Ji.  In  molds  having  cores  or  pro- 
jections that  will  catch  dirt  and  confine  it  in  the  parts 
especially  requiring  solid  metal,  this  class  of  gale  (f')  would 
be  undesirable.  With  an  inlet  gate  as  al  c',  the  dirt  is 
divided  into  fine  particles  and  distributed  to  all  portions 
of  the  casting,  which,  in  some  cases,  may  be  preferable, 
even  though  there  is  a  scab  created  in  front  of  the  gate. 


GATES  FOR  MOLDS. 

POUUING  GATBS  FOR  CATCHIKG   HIRT. 

33.  The  gates  shown  in  Fig.  35  are  very  apt  to  colled 
and  hold  the  dirt  in  one  spot,  but  there  are  methods  in 
use  that  serve  to  considerably  lessen  the  amount  of  scum 
or  din  passing  into  these  gates.  Fig.  ;17  shows  some  of 
these  methods,  which  may  be  modified  as  deemed  desirable. 
In    pouring    a    casting     with    a    system    <jf    dirt    catchers 
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(commonly  called  sklmmlnK  (rates),  such  as  ill  Fig.  37  {a), 
the  metal  first  flows  into  the  depressiua  at  rf,  filling  itj 
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that  the  cure  seen  at  A  holds  back  much  of  the  dirt  or  scum 
coming  from  the  ladle.  From  (/comparatively  clean  ineial 
should  pass  down  c  through  g  io  f.  In  the  plan  {b)  it 
will  be  observed  that  the  connection  g  between  e  anil/f 
led  to  one  side  of  the  latter  so  that  the  metal  is  given  a 
whirling  motion  on  entering/",  which  causes  the  scum  awl 
dirt  to  rise  up  into/",  and  insures  that  comparatively  i:!"^"" 
metal  passes  through  e'  into  the  mold;  c'  here  corresponds 
to  the  inlet  gates  e'  and  c'  in  Fig.  35.  To  make  this  form 
effective  the  inlet  gate  c',  which  leads  the  metal  into  lb* 
mold,  must  have  a  smaller  area  than  either  of  the  M\ 
openings.  This  is  necessary  so  that  the  How  through  / 
be  "dammed"  back  and  thus  keep  the  riscryfullof 
Keeping  f  full  of  iron  causes  the  dirt  u>  floal  on  lupJ 
it;  whereas,  did  the  metal  in  it  descend  lo  the  level 
this  dirt  would  tlien  pass  into  the  mold. 

The  sizes  of  the  various  gates  are  given  so  as  to  affor 
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idea  of  proportions  that  work  well.  The  parts  marked  (oilier 
than  those  already  alluded  to)  are  m,  the  pouring  basin; 
i,  a  core;  r,  the  runner  box;  and  F,  the  feeding  head. 
With  such  a  system  of  skimming  gates,  the  under  inlet 
gate  f',  Fig.  35,  can  be  used  with  very  little  risk  of  having 
much  scum  or  dirt  pass  into  the  mold.  If  the  molder  de- 
sires to  decrease  his  labor  in  making  such  a  system,  the 
core  //  and  depression  li  can  be  omitted  and  a  level  bottom 
used,  ;is  indicated  by  the  dotted  liney,  Fig.  37. 

A  study  of  Fig.  37  will  show  that  intricate  work  is  involved  , 
in  this  system ;  and  that  unless  the  molder  exercises  care 
and  skill,  there  wilt  probably  be  more  dirt  treated  by  the 
sand  washed  from  the  corners  and  surface  of  the  gates  than 
would  have  flowed  into  the  casting  had  there  been  but  one 
straight  gate  and  no  skimming  gates  at  all. 
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may   be   stated  here  that   skimming   gates 


arranged  on  the  principle  that  all  scum  or  dirt  has  less 
specific  gravity  than  iron,  for  which  reason  it  will  float  to 
the  highest  point  that  it  can  reach.  In  arranging  skim- 
ming gates,  some  part  is  constructed  to  catch  and  hold  the 
dirt  as  it  rises  to  the  surface  of  the  flowing  metal  before 
it  can  enter  the  mold.  The  plan  of  skimming  gates  just 
described  is  for  heavy  castings;  Fig.  38  illustrates  a  method 


suitable  for  medium  and  light  castings.  In  this  the  sand  is 
rammed  around  two  sprue  pins  to  form  a  pouring  gate  f, 
and  dirt  riser  /;  a  dirt-collecting  channel  ^  is  then  cut  be- 
tween them.     The  higher  and  longer  this  channel  ^  can  be 
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made,  the  better  dirt  collector  it  will  be.  The  metal  having 
passed  g  flows  on  through  c'  to  the  mold  M.  In  flowing 
from  the  gate  g  to  the  mold  M,  the  scum  or  dirt  in  the  metal, 
as  it  rises,  is  caught  and  held  in  the  upper  part  of  the  chan- 
nel g  and  dirt  riser  /,  Sometimes  the  channel  g  is  cut  on 
a  straight  line  toy,  and  sometimes  on  a  curve,  as  aX g 
and  /,  Fig.  37,  If  this  is  done  properly,  lumps  of  dirt 
should  be  seen  whirling  on  the  top  of  the  met-il  in  the  ilirl 
riser  /,  Figs   37  and  d8   and  when  breakmg  the  Lhaniiel  / 


ypyi^ 
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after  the  metal  has  cooled,  .lirt  shmild  he  found  in 
part.  , 

It  is  often  desirable  to  have  skimming  gates  for  light  «| 
arranged  so  as  to  save  as  much  labor  as  possible.  Thisa 
be  done  by  using  the  appliance  seen  in  Fig.  39  [a),  whicj 


FOUNDRY  WORK. 


41 


a  small  pattern  so  arranged  that  it  can  hi;  ramini^d  with  ihe 
pattern  in  the  nowel  of  small  boxes  or  snap  llasks.  Twu 
patterns  or  sprue  pins  are  used  to  form  the  sprue  t  and 
riser  /.  When  the  mold  is  finished,  the  skimming  gate 
should  appear  as  seen  in  views  (^)  and  (f),  a  small  core  being 
used  as  shown  at  &.  The  metal  on  being  poured  Into  the 
gate  c,  flows  intoy,  with  a  iwhirllnK  motion, ;tnd  in  going 
to  the  mold  passes  under  the  core  placed  at  /i,  whence  it 
passes  through  the  gate  at  the  entrance  e'  into  the  mold,  as 
shown  by  the  arrow. 

The  advantage  of  this  skimming  gate  is  that  it  can  be 
formed  very  easily  by  means  of  the  core  A.  which  is  set  into 
the  mold  after  the  skimming-gate  pattern  is  drawn.  This 
core,  being  arranged  to  settle  deeply  into  the  gate,  causes  the 
iron  that  enters  the  mold  to  be  taken  from  the  lowest  point 
of  the  skimming  gate,  which  insures  clean  metal  going  into 
the  mold.  It  is  a  simple  device,  but  very  effective  in  its 
results. 


TOP-POURING  SKIMMING  GATES. 

35.  Another  form  of  skimming  gate  is  that  used  in 
top-pourlnic,  shown  in  Fig.  40.  This  is  applicable  to 
a  great  variety  of 
work  in  both  light 
and  heavy  castings. 
In  constructing  such 
gates,  a  puurlnK 
basin  ;//  is  made; 
the  metal  enters  the 
mold  through  a  gate  , 
or    gates    c.       By    a  f'"'  *i^- 

quick  dash  of  the  metal  from  the  ladle  at  the  start  when 
pouring,  and  by  then  keeping  the  pouring  basin  full  until 
the  flow-off  risers  show  that  the  mold  has  been  filled,  the 
dirt  will  stay  on  top  of  the  metal  in  the  pouring  basin,  leav- 
ing clean  iron  to  pass  into  the  mold.  It  is  only  when  begin- 
ning to  pour  that  dirt  should  have  any  chance  to  enter  the 
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mold ;  and  this  is  true  to  a  greater  or  less  extent  of  all  forms 
of  skimming  gates.  There  are  many  forms  of  skimming 
gates,  but  those  shown  in  Figs.  37  tu  40  should  be  sufficient 
to  indicate  the  principles  involved. 


I 


DIRT   IK   CAKTING^t. 

36.     After  scum    or  dirt   has  entered  a   mold,  it 
I,  locate  itself  somewhere.     Its  natural  tendency,  on  ac 

of  having  a  less 
specific  gravity 
than  iron,  is  to  rise 
to  the  top  of  the 
old;  but  there  arr 
ditioDS  tlial 
es  preVdU 
this.  When  iron 
enters  a  mold,  \l 
rapidly  loses  its  flu- 
idity, and  for  that 
reason  If  dirt  drifts 
to  the  side  of  ihs 
mold,  it  is  liable,  on 
acuount  nf  the  dul- 
ncss  of  the  uietaU" 
stick  there  and  let  the  metal  flow  over  it.  Again,  molds 
often  have  projecting  cores  that,  when  themetal  rises  tuthe 
under  side,  catch  the  dirt  and  retain  it. 

If  we  consider  the  case  of  cylinders  or  pipes  cast  horiion- 
tally.  we  shall  find  that  the  scum  or  dirt  will  lodge  as  sec" 
at  i/.  Fig.  41,  and  what  passes  this  point  will  rise  to  llie  t"I' 
and  stay  at  (/'.  On  this  account  it  is  of  ten  necessary,  if  th*^ 
inside  is  to  be  bored  out,  to  leave  extra  stock  for  finishing 
at  (i.  If  the  castings  are  columns  for  supporling  buildings, 
or  similar  pieces,  it  would  he  wise  to  make  them  thickest "" 
the  top  or  co]»e  side  at  J',  to  allow  for  the  weakness  that  l!"^ 
dirt  might  causy  at  that  point.      Even  with  tht-  same  amount 
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of  dirt  at  (/and  d' ,  and  witii  the  nowel  and  cope  parts  of  the 
casting  of  the  same  thickness,  the  cope  will  be  the  weakest 
side  of  the  casting,  as  there  is  less  pressure  at  that  point  of 
the  mold  to  make  the  metal  solid. 


POURING   BASINS. 

37.  In  making  a  mold  there  are  few  things  that  require 
greater  care  and  skill  than  the  pouring  basin.  Here  the 
greatest  amount  of  friction,  rush,  and  washing-out  effect 
of  the  metal  is  produced;  and  if  the  basin  is  not  well  made, 
it  will  be  easily  cut  by  the  falling  metal.  If  the  basin  once 
starts  to  cut,  considerable  damage  may  result  before  the 
mold  is  filled.  A  molder  may  slight  the  rest  of  his  mold  and 
yet  have  his  castings  come  out  so  that  they  will  pass  inspec- 
tion, but  any  carelessness  or  ignorance  in  making  basins,  run- 
ners, or  gates  will  cause  trouble.  In  pouring  a  mold,  the 
iron  first  drops  from  the  ladle  into  ^he  basin,  from  which  it 
runs  with  more  or  less  velocity  into  the  upright  sprues  or  run- 
ners, and  from  them  into  the  gates  that  lead  into  the  mold. 
With  the  exception  of  that  portion  of  the  moid  into  which 
the  iron  enters  or  drops,  there  is  very  little  agitation  of  the 
metal  as  it  gradually  rises  in  a  mold,  compared  to  the  rush 
and  spattering  that  exists  {more  or  less)  in  the  pouring 
basin.  When  making  these  basins,  extra  care  should  be 
taken  to  see  that  the  sand  has  been  well  mixed  and  riddled 
before  it  is  shoveled  into  the  basin  box.  The  use  of  poorly 
tempered  sand  for  making  basins  has  often  caused  bad 
castings.  Some  motdcrs  shovel  a  little  sand  into  the  box 
to  form  the  bottom  of  the  basin  and  then  tramp  it  with 
their  feet  or  pack  it  with  a  rammer,  after  which  they  press 
sand  against  the  sides  of  the  box  with  their  hands  to  give 
shape  to  the  pouring  basin;  this  is  a  very  bad  practice 
to  follow.  To  make  a  reliable  basin,  the  box  should  first 
be  evenly  rammed  full  of  sand,  after  which  the  shape  of  the 
basin  can  be  dug  out  with  a  shovel  or  trowel.  The  ram- 
ming will  give  a  firm,  solid  body  to  the  sand.  The  point  of 
danger  in  pouring  basins  is  at  the  bottom  «,  Fig.  .17.     Here 
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the  force  of  the  dropping  metal  has  such  a  cutting  effect 
that  in  the  case  of  large  basins,  it  is  advisable  to  place  a  core 
at  /;  in  some  cases  bricks  may  be  used  instead;  or  again, 
green  sand  may  be  made  to  take  the  place  of  the  core  or 
bricks,   by  closely  nailing  the  bottom  where  the  iron  will 
drop  from  the  ladle,  the  heads  of  the  nails  being  left  even 
with  the  surface  of  the  sand.     It  will  be  noticed  that  a  well 
is  formed  around  the  core  f,  so  that  immediately  after  start- 
ing to  pour,  a  body  of  metal  will  be  formed  into  which  the 
iron  drops,  and  thus  save  the  bottom  of  the  basin  n  from 
receiving  the  full  force  of  the  dropping  metal.     In  some 
cases  the  well  at  n  can  be  made  so  deep  that  there  will  be 
no  necessity  for  cores  or  bricks.     However,  it  is  well  to 
secure  this  part  of  a  basin  as  much  as  possible,  for  a  sudden 
jerk  of  the  ladle  at  the  start  (which  often  occurs)  might 
prove  very  serious  and  result  in  the  loss  of  the  casting. 
There  should  never  be  less  than  4  inches  of  good  tempered 
sand  between  the  bottom  of  the  basin  at  n  and  the  floor,  or 
other  bottom.     In  the  case  of  very  large  basins,  it  is  wise 
to  have  a  cinder  bed  under  them,  as  shown  at  C,  Fig.  37. 

If  wooden  basin  boxes  are  used,  it  is  well  to  have  their 
fronts  nailed  as  seen  at  ^,  Fig.  37  (/^),  as  the  wash  of  the 
metal  striking  the  front  of  the  basin  has  been  known  to  cut 
away  the  sand  and  cause  a  bad  casting.  Another  point  to 
be  carefully  watched  in  making  pouring  basins  is  to  avoid 
having  water  carelessly  swabbed  round  the  edges  of  the 
gates  or  the  bottom  portion  of  the  basin,  as  this  may  start 
the  metal  blowing — and  when  this  has  once  commenced,  it 
is  hard  to  tell  when  it  will  stop.  Any  boiling  of  the  metal 
in  the  basin  will  create  more  or  less  scum  or  dirt  that  must 
follow  the  metal  through  the  gates  into  the  casting. 


CLAMPING  AND   WKIGHTING  THE  MOLD. 


LIFTING   PHESSUHK   OF  MOLTEN   METAL. 

38.  When  the  molds  have  been  closed,  it  is  necessary 
either  to  clainp  or  \%'eis:ht  down  the  copes,  to  resist  the 
lifting  force  of  the  metal.     This   is    readily  understood 
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when  we  consider  that  a  Hqiiici  will  ! 
a  smaller  specific  gravity  than  itself. 


[P^-=^ 


port  a  body  having 
;ind  is  lighter  than 
and  for  this  reason 
it  will  float  on  the  surface 
of  that  metal,  unless  il  is 
held  down.  The  actual 
power  required  to  hold 
rammed  sand  down  de- 
pends on  the  height  of 
the  column  of  molten 
metal  (that  is,  the  bend 
pressure)  and  the  weight 
of  the  core  or  cope  that 
is  liable  to  be  floated  by 
the  metal;  the  cope  or 
core,  like  a  ship  floating 
on  water,  will  sink  until 
it  has  displaced  liquid 
iron  equal  to  its  own 
\vfi|j:ht,  when  it  will  float. 
'!'■>  make  this  subject  as 
plain  as  possible,  we  will 
suppose  that  A  in  Fig.  42 
is  a  tank  instead  of  a 
mold,  and  has  been  filled 
with  water  to  its  top,  as 
m  view  (a).  If  the  block 
of  wood  S  is  placed  in 
1 1  s  tank,  as  shown  in 
1  ^.  i-i{d),  the  water  will 
r  n  over  its  sides  until 
the  block  comes  to  rest. 
If  the  water  that  ran 
over  the  sides  were  col- 
lected and  weighed,  it 
''"'■  **  would  be  found  to  equal 

the  weight  of  the  bh.ck  /?.     In  other  words,  this  block,  in 
coming  to  rest,  sank  to  such  a  depth  as  displaced  a  body  of 
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water  equal  to  its  own  weight.     If  we  desired  to  sink  this 
block  B  to  the  level  of  the  top  of  the  tank,  as  in  {c\  suf- 
ficient weight  would  be  required  on  the  block  to  equal  the 
additional  weight  of  the  water  that  would  be  displaced  by 
the  block  sinking  to  the  depth  shown.     Carrying  this  illus- 
tration still  further,  it  might  be  desired  to  submerge  the 
block,  as  in  Fig.  42  (^).    To  do  this,  but  very  little  additional 
weight  would  be  required,  because  as  soon  as  the  block  was 
just  covered,  the  weight  of  the  water  above  it  would  be 
practically  the  same  as  the  extra  amount  displaced  below 
the  block.       This  experiment  illustrates  the  principle  in- 
volved in  weighting  down  cores  or  copes,  the  principle  being 
the  same  both  for  water  and  for  liquid  metal.     The  only 
difference  between  the  two  is  that  if  the  block  B  were  a 
core  submerged  in  liquid  iron,   more  weight  would  be  re- 
quired to  hold  it  down,  because  iron  has  a  greater  specific 
gravity  (or  is  heavier)  than  water.     A  cubic  foot  of  pure 
water  at  a  temperature  of  G0°  F.  w^eighs  about  62J  pounds, 
and  a  cubic  foot  of  ordinary  gray  cast  iron  about  450  pounds. 


l^BIGHT  RBQUIRKU  TO  HOLD  DOIEVN   THB  CORE. 

39.  Submerged  Cores.  —  Suppose  the  liquid  to  be 
molten  iron  instead  of  water  and  that  the  cope  a  is  placed 
on  top  of  the  mold;  find  the  weight  JFthat  would,  by  means 
of  chaplets  f,  keep  the  core  B  from  rising.  The  weight  is 
computed  in  the  following  manner:  assuming  the  core  to  be 
24  inches  long,  9  inches  wide,  and  6  inches  deep  (and  its 
ends  to  be  free),  its  volume  is  24  X  9  X  G  =  1,296  cubic 
inches.  A  cubic  inch  of  cast  iron  weighs  about  .26  of  ^ 
pound;  hence  the  weight  of  the  iron  displaced  by  the  core 
is  1,296  X  .26  =  336.96  pounds.  The  weight  of  the  core 
itself  is  1,296  X  .06  =  77.76  pounds,  .06  being  the  weight  of 
a  cubic  inch  of  rammed  sand.  The  buoyancy  of  the  core 
is,  therefore,  the  difference  of  these  two  amounts,  of 
259.2  pounds,  which  is  the  weight  required  to  hold  the 
core  from  rising. 

If  the  core  were  supported  by  prints  instead  of  being  free 
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at  its  end,  its  ndditionat  length  and  the  sand  over  the  prints 
required  to  stop  them  up  would  still  have  to  be  deducted 
from  the  259.2  pounds;  but  as  the  core  in  the  present  case 
is  supposed  to  be  held  up  by  chaplets  c,  we  have  here  only 
considered  the  length  that  is  submerged.  Having  found 
the  weight  necessary  to  hold  down  the  core,  the  next  step 
is  to  find  the  weight  of  the  cope. 


WEIGHT   ItBOl'IRBn  TO  HOI.n  noWX   THB  COPB. 

40.  Assuming  the  cope  to  measure  34  inchesx2-t  inches 
X  6  inches,  its  volume  is  4,ya6  cubic  inches,  which  multi- 
plied by  .OG  gives  293. 7fi  pounds  as  the  weight  of  the  cope. 
This  is  for  wooden  copes  and  is  accurate  enough;  if  it  were 
iron,  we  should  have  to  find  the  weight  of  the  sides  and  bars 
separately  and  then  that  of  the  sand  and  add  them  together. 

Having  now  found  the  weight  required  to  hold  down  the 
submerged  core,  and  also  the  weight  of  the  cope,  the  addi- 
tional weight  necessary  to  hold  down  the  cope  in  connection 
with  the  core  must  now  be  computed.  To  do  this,  first  find 
the  area  of  the  cope's  casting  surface;  this  is  24  inches  X 
14  inches  =  3^1  square  inches.  This  area  is  multiplied  by  fi, 
the  height  in  inches,  of  the  head  or  gate,  giving  33fi  square 
inches  XR  =  3,01  G  cubic  inches.  This  result  is  multiplied  by 
.36,  which  gives  2,01C  X  .26  =  534.16  pounds,  the  fluid  pres- 
sure tending  to  force  up  the  cope.  From  this  weight  de- 
ducting the  weight  of  the  cope  gives  230.40  pounds  as  the 
weight  necessary  to  hold  down  the  cope  alone.  Adding  to 
this  the  weight  necessary  to  hold  down  the  core,  we  have 
230.40  + 250.20  =  480.60  pounds,  the  total  weight  to  be 
placed  on  the  cope  in  Fig.  42  (d). 

41.  Cores  Pnrtlally  Submericed. — There  are  cases 
where  the  cores  are  only  partially  submerged,  their  upper 
surfaces  being  in  contact  with  the  cope,  as  in  Fig.  43  (f), 
In  calculating  the  utatlc  pressure  on  such  a  partly  sub- 
merged core,  we  have  to  compute  the  area  of  the  lower 
surface  nf  the  core  and  also  the  area  of  that  portion  of  the 
cope  that  has  metal  underneath  it.      Each  of  these  is  then 
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multiplied  by  the  distance  to  the  top  of  the  highest  point  to 
which  the  metal  may  rise  in  pouring  the  mold. 

In  the  case  of  a  core  submerged  as  in  view  (c)  and  in- 
tended to  be  covered  with  a  cope,  as  in  view  (//),  the  com- 
putation is  as  follows:  The  lower  surface  of  the  core  has  an 
area  of  24  X  9  =  216  square  inches.     Multiplying  this  by  12, 
the  height  in  inches  from  the  bottom  of  the  core  to  the  top 
of  the  pouring  basin,   we  have  2,592  cubic   inches;  which 
multiplied  by  .20  equals  G73.92  pounds,  which  is  the  upward 
pressure  on  the  core.    From  (c)  we  find  that  the  width  of  the 
cope  having  metal  in  contact  with  it  is  14  inches  —  9  inches  = 
5  inches;  the  portion  of  the  cope  surface  in  contact  with  the 
metal  is,  therefore,  24  X  5  =  120  square  inches,  which  mul- 
tiplied by  0,  the  height  of  the  cope,  equals  720  cubic  inches, 
and  this  multiplied  by  .20  gives  187.2  pounds  as  the  upward 
pressure  on  the  cope.     This  added  to  073.92  pounds  gives 
801.12  pounds  as  the  total   upward    pressure.     Deducting 
from  this  the  weight  of  the  core  and  cope   leaves  861.12 
—  371.52  or  489.0  pounds  as  the  weight  to  be  placed  on  the 
cope. 

MBTHOOS  OF  COMPUTING   IBVEIGHTS. 

42.  Chart  Method.  —  The  weight  required  to  hold 
down  the  cope  and  core  may  also  be  ascertained  by  the 
method  shown  in  Fig.  43.     Here  we  merely  draw  an  outline 
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or  chart  of  the  form  and  sizes  of  the  lifting  surfaces,  to- 
ii^ether  with  the  height  of  the  fluid  head.  This  done,  we 
compute  the  cubical  contents  of  the  form  thus  obtained  and 
multiply  it  by  the  decimal .  20.    The  volume  of  such  a  block  as 
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that  in  Fig.  43  is  2i  x  (1  4  X  0  + !)  X  C)  =  3.313  cubic  inches, 
which  multiplied  by  .-iti  gives  a  weight  of  S61.ia  pounds. 
Deductiug  371.52  pounds  (the  weight  of  the  core  and  cope) 
we  have  i89.G  pounds  as  the  weight  to  place  on  the  cope, 
the  same  result  as  by  the  former  method.  This  method  of 
drawing  a  chart  block  of  the  lifting  surfaces  and  calculating 
therefrom  the  weight  to  put  on  the  cope  is  a  very  convenient 
one  and  is  the  one  that  is  adopted  when  computations  are 
made  from  drawings. 

43.  General  Rules.— To  find  the  weight  necessary  to 
hold  down  submerged  cores,  etc.,  first  compute  the  cubical 
contents  of  the  space  occupied  by  the  core  and  multiply  it 
by  .30;  then  deduct  from  this  the  weight  of  the  core.  In 
other  words,  the  lifting  or  static  pressure  on  a  submerged 
core  is  the  number  of  pounds  of  iron  it  displaces  minus  the 
weight  of  the  core. 

To  find  the  weight  in  pounds  required  to  hold  down  a 
cope:  multiply  the  lifting  surface  of  the  cope  by  the  height 
of  the  head  above  this  surface  and  the  product  by  .iij. 

Where  one  wishes  to  compute  the  weight  approximately, 
let  him  imagine  a  weight  having  a  face  like  the  lifting  sur- 
face, and  its  sides  extended  up  to  the  pouring  gate,  according 
to  the  scheme  shown  in  Pig.  43. 

To  find  the  static  pressure  on  the  sides  of  the  mold:  mul- 
tiply the  height  of  the  sides,  measured  from  the  top  of  the 
pouring  gate  to  the  center  of  gravity  of  the  casting,  by  the 
decimal  .26,  and  the  result  will  be  the  pressure  in  pounds 
per  square  inch. 

To  find  the  static  pressure  on  the  bottom  of  a  mold:  mul- 
tiply the  bottom  area  covered  with  metal  by  the  vertical 
height  to  the  top  of  the  pouring  gate  and  by  the  decimal  .2G, 
which  gives  the  pressure  in  pounds. 
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BXTKA  WEIGHT  KGQUIRBn  ON  COPE. 

44.  While  it  is  true  that  the  foregoing  rules  for  weight- 
ing down  copes,  etc.  will  give  just  the  weights  required 
under  the  simplest  conditions,   there  are  other  conditions 
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affecting  the  results  that  must  be  considered  and  that  will 
often  demand  more  weight  than  that  given  by  the  rules. 
This  is  due  to  the  fact  that  there  is  a  moment  when  the 
metal  comes  up  suddenly  against  the  lifting  surface,  in  which 
a  sudden  pressure  is  exerted  that  is  greater  than  that  of  the 
static  head,  the  latter  being  merely  the  steady  pressure  that 
will  be  exerted  by  the  liquid  when  at  rest.     When  pouring 
a  mold,  it  generally  takes  from  10  to  50  seconds  (sometimes 
more)  to  fill  it  with  metal,  whereas  when  the  mold  itself  is 
filled,  the  pouring  gate  may  fill  in  less  than  a  second,  thereby 
obtaining  a  head  pressure  in  a  moment's  time  that,  owing  to 
the  suddenness  of  its  creation,  may  in  some  cases  be  so  great 
as  to  call  for  one-fourth  to  one-third  more  weight  than  the 
static-head  pressure  obtained  by  the  rules  just  given.    The 
hightfr  the  top  of  the  pouring  gate  is  above  the  cope's  lifting 
surface,  the  greater  will  be  this  extra  pressure. 

Then  again,  some  molds  will  be  poured  with  more  than 
one  ladle,  and  the  more  ladles  used,  the  greater  the  pres- 
sure;  this  is  owing  to  the  increased  pressure  that  metal 


Fig.  44. 


flowing  from  the  ladle  directly  into  a  gate,  as  at  r,  Fig.  H 
can  give.  This  increased  pressure  may  be  equivalent  to 
that  due  to  a  head  of  one-fourth  to  one-third  the  height  of  the 
ladle's  lips  from  the  top  of  the  gate.  If  the  pattern  is  gated 
and  poured  as  shown  at  c\  less  weight  will  be  required  to 
hold  down  the  cope.  There  are  other  conditions  that  might 
be  discussed,  but  enough  has  been  said  to  indicate  the  variety 
that  exists. 
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45.  In  addition  to  the  weight  rendered  necessary  by  the 
head  pressure,  extra  weight  is  required  to  allow  for  the 
momentum  lift  caused  by  tht;  sudden  stopping  of  the  in- 
flowing iron  at  the  moment  the  mold  is  filled.  The  amount 
of  this  depends,  briefly,  on  the  character  of  the  pouring  sys- 
tem, the  speed  of  pouring,  the  number  of  ladles,  and  the 
square  inches  of  lifting  area  that  the  metal  will  suddenly 
rise  up  against,  as  well  as  the  height  of  the  pouring  gate  or 
flow-off  risers  above  the  face  of  the  cope's  lifting  surface. 
Enough  has  been  said  to  demonstrate  the  wisdom,  and  often 
the  necessity,  of  placing  more  weight  on  a  cope  than  is  called 
for  by  the  head  pressure,  and  the  molder  must  exercise  good 
judgment  iii  weighting  down  his  copes. 


nVLI.  IHOW    AFFBCTB  THE  LIFTI^IJG   F>HF.»SURB. 

46.  The  lifting  force  of  the  molten  nietal  depends  in  a 
measure  on  whether  it  is  botor  dull.  If  the  metal  is  dull, 
in  most  cases  it  will  exert  less  pressure  than  if  it  were  hotter 
and  therefore  more  fluid.  On  the  other  hand  the  duller  the 
iron  is,  the  more  apt  it  is,  in  molds  having  risers  or  flow-off 
gates,  to  have  its  pressure  approach  that  due  to  the  pouring 
basin's  height,  which  is  generally  higher  than  that  of  the  top 
of  the  risers  or  of  the  flow-off  gates.  Often  the  metal  will 
"  freeze  "  at  the  entrance  to  the  risers,  or  it  may  come  up  the 
risers  so  sluggishly  as  to  retard  the  flow  of  metal  out  of  them 
and  so  cause  the  head  pressure  to  approach  that  due  to  the 
height  of  the  pouring  basin.  In  the  case  of  thin  castings, 
if  the  metal  is  dull  enough  to  freeze  in  the  risers,  it  is  not 
very  apt  toexert  a  great  lifting  pressure  upon  the  mold.  If, 
with  thick  castings,  the  risers  or  flow-off  gates  should  freeze 
up  or  flow  sluggishly,  there  will  be  exerted  a  lifting  pressure 
due  to  the  full  height  of  the  pouring  basin's  head. 


i:OMPlTTINfi   THE  STATIC,  OH   HEAD,  PRKHSURE. 

47.  Some  raolders  compute  the  head  prettsureon  the 
cope  by  taking  the  height  from  the  top  of  the  liser  or  flow-off 
gale,  the  top  of  which  is  often  located  4  to  C  inches  below 
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the  level  of  the  top  of  the  pouring  basins  or  gates.  This  is 
rarely  a  safe  practice,  as  risers  or  flow-off  gales  may  solidify 
or  be  blocked  up  so  that  the  metal  cannot  flow  freely  through 
them.  If  it  were  always  possible  to  count  on  having  hot  iron 
and  enough  room  in  the  risers  or  flow-off  gates  to  carry  off 
the  metal  as  fast  as  it  could  be  poured  into  the  mold,  the 
height  of  risers  would  then,  as  a  general  thing,  determine 
the  pressure.  Nevertheless,  the  safe  plan  is  to  figure  from 
the  highest  point  it  is  possible  for  the  metal  to  reach  in  the 
pouring  gates  or  risers,  and  then  allow  extra  weight  on  the 
cope. 


] 


Ui'BIGHTS  FOR  HOLniNG  I>01BVN  COPB8. 

48.     In  weighting  down  molds,  many  founders  use  pig 
iron  piled  in  separate  pigs  on  the  cope,  or  else  place  the 

pigs  in  stout  wrought-iron 
rings,  to  be  hoisted  into 
position  by  a  crane. 
Others,  improving  on  this, 
cast  bars  ranging  from 
1,000  to  2,000  pounds  in 
weight  and  from  3  to  6  feet 
in  length,  WMth  hooks  cast 
in  them  for  convenience 
in  handling  with  a  crane. 
Other  foundries  preserve 
bad  castings  or  take  lumps 
of  heavy  scrap  iron  for 
flask  weights,  and  handle 
them  in  the  best  way  they 
can.  When  flask  weigMs 
are  required,  it  will  1^ 
found  to  pay  in  the  end  to 
have  them  as  handy  ^^ 
form  and  size  as  is  procura- 
ble. This  refers  to  weights 
for  medium  and  large  cast- 
Fig.  45.  ings.       Light-work    shops 
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require  weights  for  snap  flasks,  etc.  These  are  gcnoraliy 
made  about  1^  iuches  thick  aud  of  a  size  to  cover  the 
entire  surface  of  the  cope,  if  they  are  not  burdensome  for 
one  man  to  handle.  These  weights  generally  have  holes 
in  their  centers  and  outer  corners  for  pouring  through, 
as  shown  in  Fig.  45,  which  shows  a  section  of  a  weight  and 
snap-flask  mold.  The  under  surface  of  these  weights  should 
be  ;is  smooth  and  true  as  they  can  be  cast.  It  is  rare  that 
a  snap  flask  requires  more  than  one  such  weight  as  shown 
at  W  upon  it. 

CLAMPS  rott  PLA»K. 

49.  Types  and  Their  Use.  — Shops  that  do  much 
"roll-over"  work  should  have  a  number  of  clampH,  ac- 
cording to  their  several  needs.  These  clamps  are  made  both 
of  cast  and  of  wrought  iron  and  should  be  made  as  handy 
in  size  and  form  as  conditions  will  permit.  Clamps  of  the 
forms  generally  used  in  rolling  over  nowcls  and  in  holding 
flasks  together  when  a  mold  is  being  poured  are  shown  in 


Figs.  40  to  48.  Many  patents  have  been  taken  out  for  im- 
provements in  clamps,  the  chief  features  being  that  their 
length  can  t>e  changed  or  they  can  be  used  without  wedges. 
In  clamping  a  flask  preparatory  to  casting,  it  is  not  safe 
to  drive  in  wedges  with  a  hammer,  as  this  may  jar  the  cope 
and  cause  the  sand  to  drop.      As   a  rule,  flasks  should  be 
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clamped  by  means  of  a  "clamping  iron,"  as  at  r, c'.  Fig.  46. 
The  clamping  irons  are  made  with  wedge-shaped  points,  so 
as  to  enter  the  small  openings  between  the  cope  and  clamp 
and  to  give  good  leverage  in  either  direction,  as  shown  by 
the  arrows.  These  clamping  irons  are,  as  a  rule,  made  of 
old  files,  the  points  of  which  are  turned  up  and  sharpened. 
In  Fig.  47  are  shown  a  wrought-iron  clamp  {a)  and  a  cast- 
iron  clamp  (^),  such  as  dre  commonly  used  for  clamping 
flanged  flasks, 
as  shown  in  Fig.  48. 
Such  flasks  are  gener- 
ally used  for  dry-sand 
molding.  Cast-iron 
clamps  are  usually  ta- 
pered on  the  inside 
to  permit  of  their  be- 
'"'  '"'  ing  molded,  the  Uper 

°'  *'■  being     shown,    some- 

what exaggerated,  at  /,  Fig.  47  (^).  In  placing  clamps  on 
the  flanges,  they  should  be  set  so  that  the  wedge  will  enter 
thc-jn  at  their  largest  side,  as  at  c,   Fig.  48,  which  shows 
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the  wedge  about  to  enter  the  space  between  the  clamp  ai"! 
the  flange  of  the  iron  flask ;  when  driven,  it  should  appear  3S 
at</. 

One  will  often  find  molders  trying  to  clamp  flasks  by 
driving  wedges  at  the  top  of  the  clamps,  as  seen  at  <■.  Thi* 
is  wrong,  for  by  trying  to  drive  a  wedge  in  at  the  top,  ihf 
weight  of  the  clamp  must  be  lifted,  and  in  doing  thisacon- 
stant  jarring  takes  place,   making  it  difficult   to    get  tht 
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clamp  to  a  solid  bearing.     Not  only  is  it  difficult  to  tighten  a 
clamp  by  top  wedging,  but  it  also  requires  much  more  time. 

50.  Strength  of  Clamp. — Where  the  work  is  such 
that  the  clamps  have  to  resist  heavy  pressure,  as  in  the  case 
of  casting  rolls,  pipes,  etc.  on  their  ends  in  dry  sand,  the 
wrouKtat-lron  clamp  should  be  given  the  preference,  as 
cast-iron  clamps  are  not  to  be  relied  on  in  such  work. 
Owing  to  caHt-lron  clamps  breaking,  castings  have  often 
been  lost  and  men  biiriietl. 

The  proper  thickness  for  clamps  can  be  obtained  by  figur- 
ing the  pressure  on  the  flasks  to  be  held  together,  and  then 
deciding  the  distance  apart  that  the  clamps  will  be  set  along 
the  flange  of  the  flask.  Knowing  this,  and  allowing  a. stress 
in  the  clamp  15,000  pounds  per  square  inch  for  good  wrought 
iron  and  5,000  pounds  per  square  inch  for  good  cast  iron,  one 
can  form  a  very  good  idea  as  to  the  proper  thickness  for 
clamps. 

FLOORS  FOR  nOt,DING    DOWK  COPBS. 

51.  Many  foundries  handling  a  standard  class  of  work 
that  can  be  bedded  in  have  a  large  part  of  their  floor  area 
dug  to  a  depth  of  from  3  to  6  feet,  according  to  their  require- 
ments, and  then  place  iron  beams  or  binders  in  the  bottom 
of  the  pit  about  3  feet  apart.  A  plank  flooring  is  formed 
over  the  top  of  these  binders;  from  the  ends  of  the  binders 
wrought-iron  straps  or  bolts  are  run  up  to  the  level  of  the 
floor.  This  pit  is  then  solidly  rammed  with  sand  to  the 
level  of  the  floor,  after  which  the  holes  are  dug  out  for  mold- 
ing the  patterns.  The  molds  are  made  after  the  usual 
manner,  and  binders  are  placed  across  the  top  of  the  cope 
directly  over  those  in  the  bottom  of  the  pit;  after  which, 
bolts  are  extended  from  the  top  binders  to  connect  with 
those  extending  from  the  bottom  ones,  and  the  cope  is  bolted 
down  in  such  a  manner  that  the  bolts  will  have  to  be  broken 
before  the  cope  can  be  raised  by  any  pressure  that  might 
come  on  it.  The  practice  of  using  these  bolting-down  flours 
instead  of  weights  is  a  good  one, 

S.  Vol.  IV.-so. 
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CHAPI.ETS. 


TVPRS   IN  QilNBRAL  V»V.. 

S2.  CfaapletH  are  used  to  su[i|K>rt  or  liiild  down  corn 
that,  owing  Id  their  shape,  are  not  self-supporting  wbcii 
placed  in  the  mold.  There  is  a  large  variety  of  such  chap- 
lets  in  use;  those  shown  in  Fig.  40  are  called  Mnglc- 
hea(l«d  cliaplets,  those  in  Fig.  611  are  called  double* 
hcadvd  ehapletti.     Fig.  SI  (a)  is  :i  spriuf^  chaplit ;  (b)  is 


L 


a  combination  of  ckapUt  and  stand,  a  scheme  often  used  l" 
save  labor  and  time  in  setting  chaplets.  The  stand  can  tir 
set  in  the  nowel  under  the  pattern  when  it  is  being  mminw 
up,  and  then  when  finishing  the  mold,  the  cbaplct  is  set  mi 
as  shown;  see  a.  Fig.  62.  Often  iron  cross-bars  in  Iw'l' 
nowel  and  cope  have  knobs  cast  on  them  into  whlthholf* 
are  drilled  to  permit  chaplets  being  inserted  after  the  man- 
ner shown  in  Fig.  51  {b).  The  chaplet  (.i)  iu  the  samf 
illustration  is  made  of  a  piece  of  steel  or  iron  that  can  1"' 
pressed  together  and  then  allowed  to  spring  back  to  the 
desired  form.  There  arc  places  where  these  chaplets  arc"' 
special  value. 
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In  Fig.  49,  chaplet  (it)  is  madt;  of 
round  iron,  cut  tu  any  desired  length 
and  having  a  solid  head,  as  seen ;  (i) 
is  a  chaplet  stem,  on  which,  at  the 
head  o,  any  size  of  plate  may  be  riv- 
eted. Often  larger  heads  than  can 
he  forged  upon  a  chaplet,  as  in  {«), 
are  required,  and  such  stems  as  (/') 
permit  their  being  placed  on;  (c) 
shows  a  stem  with  such  a  head  q 
riveted  on.  There  are  times  when 
the  pressure  will  be  so  heavy  on  a 
chaplet,  or  when  the  cores  may  re- 
quire a  large  bearing  surface,  that 
the  plate  q,  chaplet  (c),  is  better  if 
reinforced  by  a  back  plate,  as  at  q' , 
chaplet  {>■).  Chaplet  (d)  illustrates 
how  a  sharp  point  p  is  sometimes 
necessary  to  permit  its  being  driven 
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into   bottom  boards,   wooden   blocks,   etc.   underneath  the 
surface  of  the  mold,  as  seen  at  b^  Fig.  52.     In  driving  such 
chaplets,   it  is  only  necessary  to  go  to  a  depth  of  \  inch 
to  J  inch,  as  beyond  this  depth  the  pounding  is  liable  U> 
drive  down  the  block  or  to  jar  the  board  and  loosen  parts 
of  the  mold.   Turning  now  to  Fig.  50,  (a)  is  a  double-headed 
chaplet  stem,  of  required  length,  so  that  plates  of  any  size 
may  be  riveted  to  them,  as  shown  at  (b).     Double-headed 
chaplets  often  have  to  be  fastened  to  the  surface  of  the 
mold  or  core,  so  that  any  jarring  of  either  may  not  move 
them;  this  is  done  by    making  the  chaplet   with    a  sharp 
stem  /,  as  seen  in  (r).     These  sharp  stems  are  driven  into 
the  face  of  the  mold ;  they  seldom  require  to  be  more  than 
f  inch  long.     An  inspection  of  chaplet  (r)  will  show  that 
the  heads  q  and  q'  are  placed  on  after  the  stem  has  been 
made  and   that    the  top    head  q  is  riveted    on.      {d)  is  a 
double-headed  forged  chaplet,  while  (c)  is  a  cast-iron  one. 
Cast-iron  chaplets   can    often    be  used,   but  care  must  be 
exercised  not  to  place  them  where  they  will  be  struck  by 
the  stream  of  metal  from  the  pouring  gates,  as  they  melt 
more  readily  than  wrought  iron ;  in  fact,  this  is  a  point  that 
must  be  guarded  against  in  the  use  of  all  chaplets,  as  many 
castings  have  been  lost  because  molders  have  thoughtlessly 
set  chaplets  in  front  of  gates  that  will  have  large  bodies  of 
metal  flowing  through  them;  or,  again,  the  quantity  of  the 
iron  may  be  small,  but  yet  be  so  hot  as  to  easily  melt  the 
chaplets. 

There  are  several  firms  in  this  country  making  a  spe- 
cialty of  manufacturing  chaplets,  especially  those  shown 
at  (a),  (/;),  (c),  Fig.  41),  and  (a),  (/;),  and  (./),  Fig.  50, and 
they  can  be  purchased  at  a  much  less  cost  than  any  person, 
requiring  only  a  few,  can  make  them. 

Fig.  50  (/)  shows  an  adjustable  e/iaplet,  a  very  conve- 
nient appliance  where  odd  lengths  are  needed.  It  con- 
sists of  a  stud  or  stem  s,  made  by  threading  stock  of  the 
required  size  in  the  screw  machine  and  cutting  them  to 
the  most  convenient  length.  Ordinary  cast-iron  washers'' 
are  drilled  and   tapped   to  suit  the   threaded  stem  s.    A" 
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adjustment  J  inch  or  less  may  be  made  wilh  the  wash- 
ers r,  while  a.  variety  of  lengths  of  stems  permits  thi^ 
making  tip  of  any  size.  The  slem  here  shown  is  %  inch 
in  tliamcter  and  tlie   washers  aj  inches. 


PRECAVTIUNK  IIV   USING  CHAI>I.ET8. 

53.  Chaplets  are  generally  "necessary  evils,"  since 
wherever  they  are  placed,  they  are  very  apt  to  weaken  the 
casting  at  that  point  more  or  less.  They  may  do  this  in 
three  ways:  J-'irst,  by  breaking  the  uniformity  of  the  metal 
of  the  casting  by  the  introduction  of  some  other  substance 
at  the  point  occupied  by  the  chaplet;  stconii,  by  worlcing 
:  and  leaving  holes  in  the  castings,  generally  caused 
by  blowholes  being  around  them;  thiril,  by  causing  porous 
or  unsound  metal  to  form  around  them.  The  first  of  these 
evils  cannot  be  avoided;  but  by  good  design  and  care  in  the 
making  and  use  of  the  chaplets,  the  second  and  third  evils 
can  be  greatly  decreased,  and  in  many  cases  almost  wholly 
avoided.  In  regard  to  the  second  evil,  chaplets  should  be 
nicked  or  have  depressions  made  in  them,  as  at  n. 
Pig.  49  (i/),  or  else  have  burrs  on  them,  as  seen  at  w, 
Fig.  40  (fl).  {-S),  and  {<■). 

Some  molders.  in  making  the  Stem,  avoid  the  heavy 
shoulder  t  shown  in  Fig.  40  {b)  and  make  the  stem  siiffi- 
cienlly  targe  to  give  a  good  bearing  to  the  head  q  in  (f), 
as  shown  in  Fig.  40  (i^ )  and  (*).  Some  persons  cut  a  thread 
on  the  part  of  the  stem  that  is  cast  in  the  metal,  even  in  the 
case  of  cliapleis  that  have  fined  heads.  This  scheme  is  used 
also  in  making  double-headers,  as  in  Fig.  60  {b),  and  in  such 
cases  a  thread  will  be  cut  the  whole  length  of  the  stem  and 
the  heads  screwed  on,  as  in  Fig.  50  (/").  The  screw  stem 
has  an  advantage  in  another  way,  as  the  cutting  of  the 
thread  removes  all  scale  or  rust  from  the  surface  of  the 
stem,  and  this  is  very  important,  as  any  rust  on  the  chaplets 
may  do  great  injury. 
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RUST  ON  CHAPLBT8. 

54.     There  is  always  more  or  less  rust  or  scale  adher- 
ing to  the  surface  of  both  old  and  new  chaplets.     As  much 
as  possible  of  this  should  be  removed  from  the  parts  that  are 
cast  in  the  metal.     When  molten  metal  comes  in  contact 
with  rust,  a  gas  is  created.     It  is  calculated  that  GO  grains 
of  dry  rust  will  make  31  grains  of  carbonic-oxide  gas,  which 
at  2,800°  F.  (the  temperature  of  molten  iron)  and  the  pres- 
sure of   1  atmosphere  will  occupy  about  600  cubic  inches 
of  space.     It  does  not  require  a  very  large  piece  of  iron  to 
give  60  grains  of  rust.     The  space  that  the  gas  occupies  de- 
pends on  the  pressure;  and  the  amount  of  harm  it  can  do 
depends  on  the  rapidity  with  which  the  metal  solidifies  and 
thus  prevents  the  gas  escaping.     Blowholes  are  rarely  found 
around  the  chaplets  in  the  lower  part  of  a  casting;  it  is  in 
the  upper  part  where  there  is  very  little  pressure  during 
the  pouring  that  they  occur.     The  part  of  a  mold  where 
the  greatest  pressure  exists  is  usually  the  first  to  be  filled, 
and  the  iron  is  also  hotter  and  cleaner  there  than  at  the  top 
of  the  mold.     If,  for  any  reason,  the  chaplets  at  the  bottom 
should  cause  the  iron  to  boil  or  blow,  the  gas  will  generally 
escape  upwards  through  the  metal  and  out  at  the  top  of  the 
cope  sand  or  out  of  the  flow-off  gates. 

Chaplets  may  be  free  from  rust  when  placed  in  the  mold, 
but  if  kept  there  for  two  or  three  days  before  the  mold  is 
cast,  they  are  very  apt  to  become  rusty,  especially  if  the 
mold  is  a  green-sand  one.  There  are  varnishes  that  can  be 
used  to  prevent  their  rusting,  and  these  will  be  dealt  with 
farther  (^n. 


MOISTURE   ON   CHAPLETS. 

55.     A  piece  of  polished  iron,  if  exposed  to  moist  air  or 

otherwise  moistened,  soon  becomes  rusty.  This  is  due  to  the 
affinity  that  iron  has  for  oxygen.  Under  certain  conditions, 
I)olishe(l  iron  can  be  kept  free  from  rust  by  keeping  it  in  a 
dry  atmosphere.  Take  polished  iron  from  a  cold  room  into 
a  warm,  moist  one  and  it  will  not  be  long  before  rust  will 
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be  fi>rmc(I  upon  it — an  effect  caused  by  the  cold  iron  con- 
densing upon  its  surface  whatever  moisture  there  may  be  In 
ihe  air  immediately  surrounding  it.  The  more  rust  there  is 
on  iron,  the  more  moisture  It  will  collect;  and  on  chaplets, 
this  moisture  ChIU  do  greater  injury  than  rust.  To  test  this, 
take  a  rusty  rod  and  heat  It  sufficiently  to  dry  all  Its  muis- 
fatrc.  after  which  i»lac«  it  quickly  into  a  ladle  of  molten  iron. 
The  metal  will  be  found  to  bubble  around  the  ro<I,  more  or 
less,  hut  it  will  not  fly  out  of  the  ladle,  as  it  would  If  there 
were  moisture  on  the  rod.  The  steam  that  the  moisture  on 
chaplcts  creates  may  cause  a  great  amount  of  bubbling  or 
blowing,  as  can  be  seen  by  quickly  immersing  a  damp  rod 
in  a  ladle  of  iron. 

The  best  thing  that  can  be  done  to  prevent  chaplets  from 
bct^oming  rusty  and  collecting  moisture  is  to  tin  that  portion 
liable  to  be  encased  by  the  metal.  Coating  the  iron  body 
irith  tin  not  only  prevents  the  oxygen  or  moisture  from 
jUttackingf  the  iron,  but  it  has  an  affinity  for  iron  that  makes 
file  iron  more  fluid  when  in  a  molten  slate,  and  this  greatly 
■ids  the  release  of  any  gases  that  might  be  created  around 
iiie  chuplets. 

Where  chaplets  arc  not  tinned,  many  molders  eover  their 
exposed  parts  with  a  coating  of  red  lead  mixed  with  turpen- 
tine. Asphaltum,  coal  tar,  and  chalk  are  often  used  as  a 
coating.  Where  there  is  much  moisture,  these  materials 
may  collect  sufficient  dampness  to  cause  injury,  but  not  to 
pnirh  an  extent  as  rusty  chaplets. 


SBTTING   AND   WEDCING  CHAPLETS. 

5B.  There  are  few  things  more  annoying  than  to  see 
castings  lost  liy  thoughtlessness  or  ignorance  in  B«ttlns 
id  wediclns  chaplets.  Chaplets  are  genemlly  set  into 
cope  by  first  passing  a  J-inch  rod  or  vent  wire  up  or 
through  the  cope  at  the  spot  where  It  is  desired  to 
ice  the  chaplet.  Tf  the  chaplet  is  larger  than  |  inrh,  then 
^inch  vent  wire  or  rod  is  passed  through  the  hole  made 
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by  the  i-inch  rod,  and  so  on,  increasing  the  size  of  the  mds 
according  to  the  size  of  the  chaplet  stem,  the  idea  being  U> 
gradually  enlarge  the  hole  for  admission  of  the  stem  wilhoiii 
applying  much  pressure.  After  the  stem  has  been  pressed 
through  the  body  of  the  cope,  it  should  then  be  pulled  out 
and  the  hole  reamed  out  at  the  face  of  the  mold,  as  seen 
at  r.  Fig.  52.  Many  molders  having  failed  to  do  this  when 
pressing  down  the  chaplet  to  a  good  bearing  on  the  core,  or 
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in  wedging  it  down  to  place,  have  caused  the  face  of  ihe 
mold  around  the  bottom  of  the  stem  to  be  pulled  down,  ss 
at  (/,  thus  resulting  in  the  loss  of  the  casting. 

After  the  chaplets  have  been  set  and  the  cope  closed,  sonii; 
molders  drive  in  wedges  with  a  hammer  to  fasten  the  chap- 
lets,  as  at  c.  This  results  in  displacing  the  chaplet,  as  shown, 
The  chaplet  should  be  placed  solidly  upon  the  core  A  and 
then  wedged  down  as  shown  at  /.  Then  again,  some  mold- 
ers in   fastening  down  cores  having  slanting  surfaces  use 


3fi 


FOUNDRY  WORK 


^hajilets  having  the  head  at  right  angles  wilh  the  stem,  as 
it  g.  Where  the  surface  of  the  ore  is  slanting,  the  heads 
of  the  chaplets  should  be  set  on  the  stem  at  the  same  angle 
■as  that  of  the  core;  care  should  be  taken  that  the  slant  of 
the  head  and  core  agrees,  so  that  they  may  come  solidly 
together  when  the  cope  is  closed,  as  at  li. 


Bt.OCKtN<i   ON  TOP  OF  CHAPLBTS. 

57.  Very  often  the  chaplet  stems  will  require  some 
blocklfiK  on  top  iif  them,  as  at  5,  Fig,  52,  before  wedges 
be  used.  Where  this  is  necessary,  care  must  be  exer- 
cised in  miikjng  sure  that  the  blocking  is  over  the  center  of 
the  stem  and  also  that  there  is  sufficient  space  to  nse  the 
wedges  6.  While  it  is  often  necessary  to  use  blocking, 
there  are  many  cases  where  its  use  can  be  avoided  if  judg- 
it  is  used  in  placing  the  rails,  in  weighting  down  the 
binder  B,  and  in  getting  the  chaplet  stems  the  right  length. 
Mnlders  often  leave  the  chaplet  stems  sticking  up  from 
3  to  6  inches  above  the  top  of  the  cope;  and  sometimes 
they  leave  them  from  1  to  3  inches  below  this  same  level. 

Lack  of  system  and  judgment  in  some  molders  will  cause 
thcni  to  use  from  Hin  to  2O0  pounds  of  small  pieces  of  block- 
ing to  fasten  down  a  half  dozen  chaplets,  where  other  men  will 
do  the  same  work  without  a  pound  of  blocking.  The  fewer 
pieces  of  blocking  that  are  placed  between  the  weighting- 
down  binders  or  rails  and  the  wedges  necessary  to  fasten  the 
chaplets,  the  better  it  is  for  the  safety  of  the  mold.  In 
many  cases,  with  forethought  and  judgment  the  chaplets 
can  be  cut  to  such  a  length  and  the  binders  can  be  so  ar- 
Tanged  as  to  avoid  the  necessity  of  using  any  blockings 
lietween  the  top  of  the  chaplet  stems  and  the  bottom  of  the 
reighting-down  binders.  Where  this  is  possible  it  should 
>e  done;  and  in  allowing  spare  for  wedges  between  the  top 
if  the  chaplet  stems  and  the  bottom  of  binders,  it  should 
■ange  from  ^  inch  to  J  inch  in  depth.  Before  wedging  the 
chaplets,  the  weights  necessary  to  hold  down  the  cope  should 


64  FOUNDRY  WORK.  §  3C 

be  placed  upon  it,  as  all  the  binders,  etc.  will  sprlnii:  more 
or  less  when  weighted ;  and  if  the  weights  are  placed  after 
the  chaplets  are  wedged,  this  springing  may  drive  the 
chaplet  heads  into  the  face  of  the  cores  and  cause  damage. 
Just  before  pouring  a  mold  having  chaplets,  it  is  good  prac- 
tice to  go  over  it  to  test  the  wedges,  as  it  is  not  uncommon 
for  them  to  work  loose  in  a  little  time  after  they  have  been 
tightened. 


PLACING  CHAPLBTS  IN   BOTTOM  OF  MOLD. 

58.  It  is  as  important  to  have  chaplets  rightly  set  in  the 
bottom  as  in  the  top  part  of  molds.  A  great  number  of  the 
chaplets  used  in  the  bottom  of  molds  are  driven  into  the  i)ot- 
torn  boards  or  into  wooden  blocks.  Where  wooden  blocks 
are  used  to  support  cores  of  any  great  weight,  they  are  best 
made  of  hard  wood,  set  with  the  grain  up.  In  driving  the 
points,  as  at  b  and  k^  Fig.  52,  the  molder  must  use  his  judg- 
ment as  regards  the  proper  distance,  taking  into  considera- 
tion the  size  of  the  chaplet  stem,  the  weight  of  the  core, 
and  the  nature  of  the  block. 

Some  molders  lose  castings  by  the  manner  in  which  they 
set  bottom  chaplets.  The  block  /',  Fig.  52,  is  apt  to  split 
for  two  reasons:  first ^  because  the  chaplet  has  been  driven 
in  too  far,  and,  second^  because  the  point  is  near  the  end 
of  the  block.  The  block  b  shows  the  proper  practice  in 
these  respects.  Where  points  are  driven  as  at  k^  castings 
are  very  liable  to  be  lost  through  the  settling  of  the  chaplet 
into  the  block.  Even  if  the  core's  own  weight  does  not  do 
it,  the  wedging  down  of  the  top  chaplets  when  the  cope  is 
closed  will  probably  do  so.  A  fine  wire  should  be  pressed 
through  the  sand  to  find  the  end  of  each  block,  so  that 
when  the  chaplets  are  being  driven  one  may  know  how  near 
they  are  to  the  center  of  each  block.  The  head  of  the 
chaplet  /  is  shown  in  such  a  position  that  it  makes  an  angle 
with  the  core  and  having  but  one  Q,(\<g^  touching  it.  It 
is  as  important  to  have  bottom  chaplets  properly  set  as 
top  ones,  for  it   can  readily  be  seen  that  if  a  core  does  not 
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set  solidly  on  the  chaplet,  as  at  w,  much  risk  is  taken.  At  a 
is  shown  a  chaplet  placed  in  a  stand,  the  appliance  illus- 
trated in  Fig.  51  {b).  These  stands  are  very  good  for  some 
classes  of  castings,  as,  for  example,  in  cases  where  it  does 
not  matter  if  the  face  of  the  casting  is  chilled  a  little  at  and 
around  the  spot  of  the  chaplet  connection.  By  placing 
sand  in  the  bottom  of  the  hole  admitting  the  chapiet's  stem, 
any  variation  in  the  thickness  of  the  metal  can  be  ar- 
ranged for  in  setting  the  chaplet. 


HVBDGBS  FOR  8BTTING  CHAPLBTS. 

59.  In  making  wedges  either  of  wood  or  iron,  it  is  best 
to  make  them  of  as  easy  a  taper  as  practicable.  The 
greater  the  taper  is,  the  more  difficult  the  wedges  are  to 
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fasten  and  the  more  liable  to  work  backwards  from  the  bear- 
ing when  tightened.     The  wedges  shown  in  Fig.  51]  repre- 
sent what  is  considered  good  practice.    They  can  be  fastened 
without  much  danger  of  their  being  loosened  by  jars  when 
other   wedges  are  being   driven.      Wedge   (/;)  is  generally 
used  for    resisting  great    strains   and    to    partly    take    the 
place  of  blocking;  it  can  be  made  of  any  size  to  suit  the  con- 
ditions of  the  work.     The  quick-tai)ering  wedge  {d)  is  the 
one  most  commonly  used,  and  the  dimensions  given  can  be 
applied  to  either  cast-iron  or  wrought-iron  wedges. 
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"DRAi;VING  DOi;VN"  OF  THE  COPE. 

60.     The  phrase  dra^wins  do'wn  of  ttie  cope  is  ap — 

plied  to  copes  whose  surface  sand  drops   down   upon  th^ 
metal  as  the  mold  fills  up.     This  is  caused  by  the  heat  ot 
the  metal  drying  the  surface  of  the  cope;  if  the  sand  in  th^ 
latter  is  not  of  such  a  nature  as  to  bake  solidly  to  the  depths 
penetrated  by  the  heat,  and  it  does  not  hang  well  when  on«^ 
part  is  drier  than  another,  then  the  sand  will  often  dropupor^ 
the  metal  in  small  quantities  and  cause  lumps  and  dirt  holes* 
in  the  upper  surface  of  the  casting.     Not  only  does  this  com.— 
tingency  depend  on  the  nature  of  the  sand,   but  also  on 
whether  the  mold  is  kept  air-tight  or  not.     With  strong- 
sand  in  the  cope,  some  molds  may  be  cast  with  their  feeders, 
risers,  etc.  all  open,  and  no  injury  will  occur  to  the  casting ; 
while,  with  other  grades  of  sand,  if  this  were  done,  the  whole 
surface  would  be  drawn  down.     It  is  chiefly  with  such  cast- 
ings as  thick  plates  or  heavy  blocks,  where  the  cope  surface 
is  exposed  to  the  direct  heat  of  the  metal  from  the  moment 
it  enters  the  mold  until  it  comes  against  the  upper  surface, 
that  difficulty  is  experienced  by  drawing  down.     Any  part 
of  the  cope's  surface  that  is  exposed  for  ^  minute  to  the 
direct  heat  of  rising  metal  should  have  a  strong  grade  of 
sand  for  the  first  IJ^  inches  of  the  surface  sand  and  in  addi- 
tion should  be  closely  gaggered,  with  the  sand  not  more 
than  f  inch  thick  under  the  gaggers.     In  ramming  the  first 
course  of  sand  in  such  copes,  it  should  be  evenly  and  firmly 
done ;  and  the   weaker  the  sand,  the  harder  should  be  the 
ramming. 

When  the  sand  is  weak,  it  may  be  strengthened  by  mixing 
flour  with  it  or  by  wetting  it  with  clay  wash,  and  sprinkling 
it  well  with  molasses  water  or  beer  after  the  surface  of  the 
mold  is  finished;  in  fact,  it  is  well  to  do  this  with  even 
strong  grades  of  sand,  where  they  are  expected  to  h^ 
exposed  to  the  direct  heat  of  the  metal  for  more  than 
^  minute.  Use  1  part  of  flour  to  from  15  to  25  parts  or 
sand  according  to  the  strength  of  the  latter;  the  weaker  the 
sand,  the  more  flour  is  necessary.     In  some  cases  where  the 
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co]>es  are  ti>  be  exposed  to  intense  heat,  as  in  very  thick 
plates  or  anvil  blocks,  it  is  often  advisable  to  nail  all  the 
surface  between  the  gaggers,  keeping  the  nail  heads  cither 
even  with  the  face  (?i  the  cope  and  covered  with  blackening 
or  else  ^  inch  away  from  the  surface  and  covered  with  sand 
and  blackening.  In  venting  green-sand  copes  that  are 
liable  to  be  djrawn  down,  the  vents  should  not  be  carried  any 
closer  than  irithin  1  inch  to  IJ  inches  of  the  surface,  since, 
if  they  are  carried  close  to  the  surface,  they  will  permit  the 
escape  of  gases  and  relieve  the  pressure  against  the  face  of 
the  cope. 

Not  only  does  drawing  down  occur  in  green-sand  copes, 
but  also  in  dry-sand  and  loam  copes  or  covers.  Both  weak 
and  strong  sands  are  used  in  these  latter  molds,  as  well  as 
in  the  green-sand  molds,  and  where  there  are  heavy  bodies 
of  molten  metal  directly  under  the  copes,  dry-sand  and  loam 
mixtures  require  to  be  strong  also,  or  else  drawing  down 
will  occur,  as  in  green-sand  work. 


PHESSURK  OF  UAtSKS  IN  .MOLDS. 


GBNEUAL  HEMARKS. 

61.  There  is  a  great  deal  of  difference  in  the  practice  of 
molders  in  leaving  the  feeders  and  risers  open  or  closed 
while  casting.  It  is  seldom  injurious  to  any  large  moid  to 
cast  it  with  all  its  risers  and  feeders  closed  perfectly  air- 
tight. Molds  that  are  liable  to  have  the  copes  "drawn 
down,"  or  in  which  the  rushing  of  hot  gases  upwards 
through  the  risers  will  have  a  tendency  to  draw  the  gases 
from  the  vents  in  the  bottom,  should  be  cast  air-tight  as  far 
as  possible.  The  rush  of  hot  air  and  gases  through  open 
risers  has  a  tendency  to  divert  the  gases  generated  tn  the 
bottom  of  the  mold  from  going  downwards,  causing  them  to 
pass  up  through  the  under  surface  of  molds  and  producing 
scabs  on  the  bottom  of  the  casting.     This  rush  also  relieves 
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the  mold  of  the  internal  air  pressure  that  exists  when  the 
mold  can  be  kept  air-tight;  and  this  pressure  is  often  suflS- 
cient  to  prevent  weak  grades  of  sand  from  being  drawn 
down  from  the  surface  of  the  cope. 

Air  is  like  all  other   gases  in  that  it  expands   with  an 
increase  of  temperature.     At  a  temperature  of  500**  F.,  air 
has  about  double  the  bulk  that  it  has  when  at  0°  F.     The 
temperature  of  the  air  and  gases  in  a  mold  is  perhaps  about 
one-half  that  of  the  rising  metal;  it  may  safely  be  taken  as 
at  least  one-third.     This  means  that  the  air  and  gases  in  a 
mold    will    have  a  temperature  of  600°  to  1,000°,  and  that 
the  gases  in  a  mold  having  open  risers  would  be  increased  in 
volume  to  two  or  three  times  as  great  as  before  the  liqaid 
metal  commenced   filling  the  mold.     In  an  air-tight  moM 
this  would  cause  the  pressure  of  the  air  to  increase  with  its 
temperature.     In  other   words,    the   air   in  a  mold  before 
casting  was  begun  would  have  the  pressure  of  the  atmos- 
phere, which  is  about  14i  pounds  per  square  inch,  but  by  in- 
creasing the  temperature,  the  pressure  of  the  air  and  gases 
in  an   air-tight  mold  would  increase  from  2  to  4  pounds 
per  square    inch  over  the  atmospheric   pressure.     Such  a 
pressure   at  the  face  of  the  mold  is  very  effective  in  pre- 
venting the  surface  of  the  cope  from  drawing  down,  and 
also  prevents  the  gases  from  rising  upwards  in  the  lower 
part  of  the  mold  where  they  might  cause  scabs,  or  worse 
still,  start  the  mold  blowing.      In  casting  small  molds  the 
risers  can  often  be  kept  open  without  injury;  this  is  also 
true    in    dry-sand    and    loam    molds   that    have   solid  faces 
with  little  C()i)e  surface  exposed  to  the  metal.     Aside  from 
these,  all  risers  and  feeders  should,  as  a  rule  (especially  in 
heavy  green-sand  work),  be  closed  air-tight  and  weighted 
down  so  that  any  increase  of  gaseous  pressure  cannot  lift 
Iheni. 

Where  risers  are  left  open  in  any  mold,  they  should 
be  sufficiently  large  in  area  to  allow  the  expanded  air  and 
gases  to  escape  freely,  as  air  rushing  through  these  pas- 
sages is  apt  to  do  damage  by  cutting  away  the  sand  around 
them. 


FOUNDRY  WORK. 


Fig.  fi4,  I 


en  covering  ihe  feeders  and  risers,  as  at  n  and  o, 
a  should  be  exercised,  as  the  least  opening  leaves 


tiniie  lo  increase  ihe 


nd  this  would  i 
i  for  escape  as  long  as  the  mold  v 


being  poured.  In  placing  covers  on  the  feeding  heads,  as 
at  «,  Fig.  54,  the  covering  platu  /  should  have  a  good 
bearing  over  the  top  of  the  feeder  box  or  projection,  and 
to  insure  a  tight  joint,  flour  paste,  parting  sand,  or  dry 
flour  is  put  around  the  opening  for  the  covers  to  press 
upon.  Flour  paste  is  the  best,  and  should  be  used  for  all 
heavy  castings  or  work  having  cope  covers  or  projections 
where  the  liberation  of  compressed  air  or  gases  niight  cause 
scabbing  or  blowing  of  the  molds.  After  the  feeding  heads/-' 
are  covered,  they  should  be  weighted  as  at  w.  The  com- 
bined weight  of  the  cover  and  weights  placed  on  feeders  or 
risers  should  be  estimated  according  to  the  liability  of  the 
mold  to  have  a  high  temperature  of  the  air  and  gas  inside  it; 
this  point  must  be  left  to  the  judgment  of  the  mojder.  It 
is  always  best  to  have  more  weight  on  /  than  is  really  neces- 
sary, for  an  excess  of  weight  can  do  no  harm.  Where 
feeders  or  risers  are  not  more  than  2i  inches  diameter,  balls 
of  clay  are  often  used,  as  shown  at  s.     These  balls  of  clay 
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shrjuld  be  of  such  consistency  as  to  hang  together  welL  In 
siJiHC  cases  il  is  well  to  stick  a  rod  in  the  ball  «f  clay,  as  seen 
at  /,  and  to  have  handles  on  the  cover  plates,  as  at  u. 


BLOVr  HOLES. 

«:t.  In  i")uring  a  casting  with  very  dull  iron,  it  is  some- 
times advisable,  where  there  is  not  too  great  a  danger  of  the 
cope  drawing  down  or 
the  gases  working  up- 
wards from  the  bottom 
of  the  mold,  to  leave 
some  risers  open,  as 
tiHi  tlose  confinement  of 
the  air  and  gases  may 
cause  blowholes  in  the 
thinner  parts  of  the  cast- 
mg  Castings  are  fre- 
quently found  to  have 
'  what  are  called  "shrink 

holes'  and  "blowhoks  The  latter  is  generally  a  hole  hav- 
ing a  smooth  surface  and  is  rarely  larger  than  would  hold  a 
teaspoonful  of  water.  Castings  may  be  so  full  of  blowholes 
as  to  look  like  a  honeycomb. 

BIuwholcH,  whether  in  large  clusters  or  found  singly  in 
different  parts  of  a  casting,  are  caused  by  the  gas  or  steam 
(generated  from  the  moisture  in  the  sand,  facings,  etc., 
that  composes  the  mold)  endeavoring  to  escape,  but  being 
caught  by  reason  of  the  dulness  of  metal,  which'  solidifies 
before  the  gas  can  pass  out  entirely.  One  may  expect  blow- 
holes in  any  casting  where  the  cores  do  not  vent  freely,  or 
where  the  mold,  from  any  reason,  may  cause  the  metal  to 
kick  or  blow.  Where  the  metal  kicks  or  blows  in  a  mold,  the 
formation  of  blowholes  may  often  be  prevented  by  flowing 
metal  through  the  risers.  This  is  especially  effective  where 
the  inlet  gates  carry  the  metal  to  the   bottom  of  the  mold. 
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and  flow-off  gates  or  risers  are  placed  at  the  top.  Where 
hot  metal  fills  a  mold  that  blows  or  kicks  and  is  slow  in 
solidifying,  the  gases  may  free  themselves  without  much 
flowing  of  the  metal  through  the  risers. 

There  are  two  kinds  of  blowholes:  one  is  found  in  the  in- 
terior of  castings,  as  at  x.  Fig.  55;  the  other  is  found  on  the 
exterior,  as  at  w  and  _f.  These  esterior  holes  are  more 
often  found  in  the  form  of  indentations,  as  at  ic  Siich  a 
formation  on  the  bottom  of  a  mold  or  casting  is  caused  by 
the  heat  of  the  metal  drawing  the  gases  to  one  spot — as 
when  there  are  several  vents  leading  to  one  main  vent,  or 
where  there  is  a  softness  in  the  mold  at  that  point.  Or  it 
may  be  that  there  is  a  hard  spot  in  the  face  of  the  mold, 
and  the  gases,  not  finding  relief  downwards,  try  to  pass 
through  the  metal  and  are  caught  and  imprisoned  by  the 
solidifying  iron. 

The  form  of  blowhole  seen  at  _)■,  Fig.  55,  is  generally 
caused  by  gases  passing  from  the  bottom  of  molds  or  cores 
upwards  through  the  metal  in  an  effort  to  escape  through 
the  cope  surface;  but  if  there  is  a  damp  or  hard  spot  in  the 
surface  of  the  cope,  it  will  chill  the  metal  and  form  a  thin 
crust  through  which  the  gases  cannot  escape,  and  being 
unable  to  go  any  farther  they  will  be  imprisoned  and  form 
the  hole  shown.  Such  holes  as  at  y  are  chiefly  found  in  thin 
castings,  ranging  from  |  to  1  inch  in  thicTtness;  in  such 
cases  the  copij  exerts  a  greater  chilling  effect  than  it  can 
where  there  is  a  thick  body  of  metal.  Often  the  surface  of 
a  light  casting  appears  solid  until  one  passes  a  scraper  over 
it,  when,  from  the  sound  made,  hollows  may  be  detected; 
on  breaking  the  crust,  it  will  lie  found  that  these  hollows  or 
indentations  are  generally  of  a  very  smooth  character,  which 
shows  that  they  were  formed  by  imprisoned  gases.  A  rem- 
edy for  this  is  to  have  vents  in  the  Imttom  of  the  molds  of 
such  character  as  to  pass  off  the  gases  freely  in  that  direc- 
tion, and  also  to  guard  against  copes  having  wet  or  hard 
surfaces.  The  drier  the  sand  can  be  used  and  the  softer  it 
is  rammed  at  the  surface  of  copes  covering  thin  castings, 
the  better 
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I^HRIXK  HOLES. 

hf'yj^  5n  l^i^l  ihfr  f'/rnifrr  j^fmerallj  Iuls  a  rough  surface  wh:]c 
iK^  latter  ha»  a  *ni'x/th  on«-  The  shrink  hvie  general'j 
Iz/iT/ks  a*  if  a  U>Jy  of  metal,  ^^  the  juime  form  as  the  h-je.  had 

f^en  torn  ^mt,  leavinj^  a  very  rf»isj:h  ^-iien- 
^rained  fracture.  It  is  caused  by  the 
fjarts  that  are  the  first  to  s^>Hdify  shrink- 
ing and  dravins^  metal  from  th'^se  that 
V'h'dify  last.  This  is  due  to  the  pecu- 
liarities in  the  cast  iron  that  cause  expan- 
sion at  the  moment  of  s^jlidification,  before 
contraction  takes  place,  and  alsr>  to  the 
fa/.t  that  thin  or  exterior  p^jrtions  solidify 
with  a  cK>ser  grain  and  possess  higher 
combined  carlx^n  and  a  greater  specific 
gravity  than  interior  or  heavy  parts,  even 
when  fKiurcd  from  the  same  ladle  of  iron. 
The  harder  the  iron  the  more  noticeable 
will  Ikj  these  conditions.  With  verv  soft 
grades  of  iron  little  difficulty  will  l>e  expe- 
rienced from  shrink  holes,  unless  the  castings  are  heavy. 
Where  the  iron  is  hard,  either  high  in  combined  carbon  or 
low  ill  graphitic:  carbon,  the  shrinkage  will  always  be  great 
compared  to  that  in  soft  iron.  This  is  so  I  rife  that,  unless 
hard  iron  castings  arc  very  carefully  proportioned,  consider- 
able shrinkage  may  be  expected  in  the  parts  that  are  the  last 
to  solidify,  unless  these  have  been  provided  with  feeders 
through  whi<!h  compensation  for  the  shrinkage  is  made  with 
good  hot  metal.  This  point  is  well  shown  in  Figs.  5G  to  50. 
Molders  are  sometimes  held  responsible  for  shrink  holes 
that  it  was  im|)ossible  for  them  to  avoid.  For  example, 
consider  Fig.  50,  which  shows  a  section  of  a  casting  having 
a  h'ght  body  at  h  connecting  two  heavy  ones,  as  at  a  and  c. 
It  is  evident  that  the  lighter  body  b  will  solidify  lu^fore  the 
heavier  ones  a  and  c.  This  means  that  such  a  piece,  if  cast 
in  a  vertical  position,  will  probably  have  shrink  holes  at  d. 
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The  reason  of  ihis  is  tliat  after  the  Ughl  section  b  has 
solidified,  the  outer  portion  of  c  will,  in  order  to  get  iron 
to  supply  its  shrinkage,  draw  metal  from  the  portion  that 
was  the  last  to  suliUify,  and  there  being  no  means  of  reach- 
ing this  part  with  additional  metal,  cavities  at  i/are  formed. 
The  holes  e  occur  near  the  upper  end  of  the  casting,  instead 
of  near  the  light  section  /;,  owing  tn  the  fact  that  the  metal 
commerjces  to  sulidify  at  the  bottom  and  then  gradually 
works  upwards  until  the  whole  body  is  solid.  The  heal  in 
escaping  from  a  casting  radiates  upwards  more  freely  than 
in  other  directions,  and,  hence,  the  topmost  bodies  are  kept 
hot  the  longest.  The  holes  at  c,  in  the  upper  end  of  such  a 
casting,  can  be  prevented  by  having  a  feeder  f  through 
which,  after  the  casting  is  poured,  additional  metal  may  he 
fed  to  replace  that  taken  away  from  the  portion  at  e.  The 
only  way  ti)  prevent  holes  at  <i  in  such  a  vertical  casting  is 
to  have  a  feeder  leading  down  to  c,  as  indicated  by  the 
dotted  part  g,  if  this  is  practicable;  but  this  is  seldom  pos- 
sililc  in  ordinary  work.  It  should  also  be  borne  in  mind 
that  if  the  feeder  g  is  to  be  effective  in  preventing  holes  d, 
this  feeder  must  be  larger  than  the  section  c,  so  that  the 
feeder  and  its  inlet  It  will  be  the  last  to  solidify. 

Another  example  of  a  shrink  hole  may  be  seen  at  the 
upper  end  of  the  vertical  casting  shown  in  Fig.  57.  Here 
the  riser  heady,  used  chiefly  to  receive  the  dirt,  has  an  area 
at  a  larger  than  at  any  other  portion  of  the  section.  A 
study  of  Fig.  56  should  make  it  clear  why  shrink  holes  are 
formed  at  a.  Fig.  57.  To  prevent  the  formation  of  such  holes, 
perfect  feeding  is  required.  If  the  feeding  is  omitted,  then 
the  section  at /should  be  enlarged  to  a  thickness  equal  to 
that  of  the  casting  measured  on  the  line  tnm\  this  would 
giveusaslnklriK  tieadjike  that  shown  by  the  doited  line  n, 
4  inches  thick  instead  of  the  original  2  inches.  By  having 
a  sinking  head  4  inches  thick,  it  will  be  self-feeding,  so  that 
instead  of  the  lioles  being  at  a,  we  shall  find  them  higher 
up,  at  b.  The  prinrij)!e  involved  in  this  scheme  of  self-feed- 
ing is  illustrated,  also,  in  Figs.  68  and  5!1.  Here  is  shown 
a  roilsupposed  to  be  cast  on  end.      Some  molders,  to  save 
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lathe  work  or  labor  in  cutting  off  feeding  heads  from  such 
castings,  will  place  feeders  as  seen  at  f,  coming  down  to  a 
neck,  as  atjf,  and  then  feed  the  casting  with  churning  rods 
and  an  occasional  pouring  of  hot  iron  into  the  feeding  head. 


t'4 


^' 


c±l 
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Instead  of  depending  on  care,  judgment,  and  skill  in  feed- 
ing such  castings,  some  molders  avoid  the  neck  at  g  and 
simply  carry  the  casting  up  straight,  and  have  it  appear  as 
in  Fig.  59.  After  these  molds  are  cast,  the  upper  end  is 
covered  with  blackening  to  prevent  heat  escaping,  and  then 
the  extra  length  of  the  casting  used  for  a  sinking  head  is 
kept  full  of  metal,  by  occasional  pouring  as  it  shrinks  away. 
After  the  casting  is  cold,  the  extra  length  provided  for  a 
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cut  off.  The  length  of  the  sinking  head 
frum  a  Ln  h,  in  sumo  casus,  ranges  frum  2  to  3  feet  in 
iiriler  lo  insure  the  body  of  the  casting  below  ihe  level  of  b 
being  perfectly  solid.  A  great  many  founders  cast  hydraulic 
cylinders,  rolls,  shafts,  cantion,  etc.,  on  this  plan,  having 
le.trntrd  fnim  experience  thai  this  is  the  best  way  to  obtain 
castings  free  from  shrinkage  dfftrts. 


BHRIKKAGR  AKI)  CONTRACTION. 

65.  The  actions  of  "shrinkage  "  and  of  "  contraction " 
are  distinct  in  their  nature,  and  are  separated  by  the  act  of 
(■ipansion  that  takes  place  at  the  moment  of  solidification. 
As  will  have  been  gathered  from  the  last  few  articles, 
Hhrinkajce  is  that  prof)erty  of  the  metal  when  liquid  that 
causes  it  to  decrease  in  volume  while  cooling,  until  the  mo- 
ment it  becomes  solid.  At  the  moment  the  iron  becomes 
solid  there  is  a  slight  expansion,  but  as  it  is  much  less  than 
the  previous  shrinkage  it  is  rarely  noticeable,  especially  in 
large  castings.  After  iron  has  solidified,  it  commences  to 
decrease  in  dimensions  until  it  reaches  the  temperature  of 
the  atmosphere;  this  is  contraction.  When  discussing 
the  practical  work  of  founding,  the  ground  is  cleared  and 
discussions  simplified  by  making  the  above  distinction. 
Light-work  molders  and  founders  not  having  to  make 
heavy  castings,  in  which  the  greatest  shrinkage  is  dis- 
played, are  very  apt  to  confound  shrinkage  with, contraction. 
Nevertheless,  they  are  two  separate  actions  and  should  be 
recognized  by  distinctive  terms. 


FEEDINC  THE  MOKO. 

IMfORTANCe  OF  PROPER   FEIilllNG. 

66.  PeedlDK  can  be  properly  done  in  many  cases  with- 
out the  use  of  large  feeding  heads — which  are  often  very 
costly  to  remove  from  the  casting.  Many  molders  think  that 
as  long  as  a  casting  has  a  feeder,  no  matter  how  small  its 
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size,  that  l^  all  that  is  ner.essary.  The  man  that  th* -roughly 
understands  the  principle  of  feeding  will  proceed  with 
discretion  in  placing  sucii  feeders  as  shown  in  Fi:^<.  !>s 
and  5r».  If  he  has  a  feeder  like  that  in  Fig.  5-^,  he  kn«'ws 
that  great  care  and  skill  must  be  used  in  order  to  get  a 
s^>und  casting.  In  contrast  to  this,  it  is  no  un*  ••mrcvn 
thing  to  see  a  molder  using  a  feeding  head  that  will  solidify 
alm''>st  as  s^K>n  as  the  mold  is  poured,  although  the  casting 
underneath  the  feeder  may  remain  in  a  fluid  state  (rt-^zn  15  to 
3<>  minutes.  Such  castings  would  be  hetter  without  any 
feeder,  as  hv  a  small  feeder  a  molder  can  draw  out  m<»re  iron 
than  he  puts  in.  Whenever  a  feeder  is  used,  it  should  be 
sufficiently  large  to  permit  of  feeding  the  body  of  metal 
l>elow  it  as  long  as  the  latter  remains  in  a  fluid  state.  S^me 
molders  can  accomplish  this  by  means  of  a  smaller  feeder 
than  can  others,  although  the  difference  in  size  may  not  l>e 
great. 

Usually,  the  greatest  difficulty  in  feeding  is  to  keep  the 
smaller  sizes  of  feeding  heads  open.  A  head  from  2  to  3  inches 
in  diameter  should  be  kept  open  from  10  to  15  minutes;  and 
the  molder  should  l>e  careful  not  to  use  Uyo  large  a  feeding 
Tf>(].  S^^metimes  a  molder  will  take  a  J-inch  round.  c«»Ul 
iron  Tfffl  and  use  it  in  a  2-inch  feeder;  the  result  is  that  the 
cold  Tff<]  chills  the  liquid  metal  the  moment  it  is  inserted, 
and  being  nearly  the  .size  ff(  the  feeder,  the  chilling  rarely 
permits  the  removal  of  the  rofl. 
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07.  For  a  2-inch  feeder  the  diameter  of  the  fcedin^r 
rodM  should  not  be  more  than  5  inf;h.  For  a  '3-inch  to  4-inch 
feeding  head,  a  |-inch  rod  will  work  well.  For  4-inch  to 
0-inch  feeders,  J-inch  to  }-inch  rods  will  work  nicely.  In 
all  feeding  heads  above  0  inches  in  diameter,  rods  from 
j  inch  to  1  inch  in  diameter  can  be  used.  Before  being 
inserted  into  a  feeder,  the  rod  should  always  be  well  heated 
in  a  ladle  of  hot  metal,  so  as  to  prevent  its  chilling  the 
metal    in    the    feeding    head;    the    metal    in    this    head    is 
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;cnerally  dull  oil  account  of  its  having  flowed  upwards  from 
the  b<:ittom  to  fill  the  feeder.  When  placing  a  rod  into  a  feed- 
ing head,  tt  should  pass  through  the  head  and  enter  the 
casting  to  a  depth  thai  will  insure  hot  iron  being  fed  into 
Ihe  part  that  is  going  to  shrink.  Too  many  molders  push 
the  feeding  rod  no  deeper  than  the  bottom  of  the  feeding 
bead  ;  some  do  this  through  ignorance  and  others  to  get  rid 
of  a  hot  job  quickly.  In  the  ordinary  molds,  one  should,  on 
inserting  the  feeding  rod  r,  Fig.  GO,  be  careful  to  pass 
it  down  gently  until  it  is  felt  to  strike  the  Imttom  of  the 
mold,  and  then  to  draw  it  up  a  few  inches,  as  shown  at  />, 


"'  as  not  to  maki'  -i  iiimii  mi  liie  ca:^ting  at  /'.  After  the 
'^^Oitig  rod  has  been  raised  off  the  bottom,  it  should  be 
"'Priced  up  and  down  through  a  distance  of  3  to  5  inches, 
^'^t^ording  to  the  character  of  the  mold,  observing  to  keep  it 
lear  the  outer  sides  of  the  feeding  head  /",  as  at  c. 


HOT   inOK  FOH   FEBDtNG. 

88.  In  using  feeding  rods,  care  should  be  taken  to  have 
plenty  of  hot  metal  in  order  to  keep  the  feeder  open,  so 
Ifiat  the  metal  in  the  feeding  head  may  he  as  fluid  as  that  in 
tilt  casting  below  the  head.      There  is  altogether  too  much 
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disregard  uf  tins  important  point,  and  one  may  oflcn  sec 
moldcrs  in  difficulty  from  the  start  for  want  uf  hut  iron  to 
keep  the  feeding  heads  open.  Where  one  has  hot  metal 
when  necessary,  feeding  should  be  continued  until  the 
gradual  solidification  of  the  casting  from  tlie  bottom  up- 
wards has  pressed  the  feeding  rod  up  lo  the  lower  edge  o/ 
the  feeding  head.  This  stage  reached,  hot  nietat  should  I* 
poured  into  the  feeder  while  the  feeding  rod  is  being  gradu- 
ally removed.  Any  one  feeding  in  this  manner  will  obtain 
a  solid  casting. 

Fig.    61   shows  a  molder  in  the  act  of   feeding  a  mold 
and  a  second  person  pouring  hot  metat  out  of  a  hand  ladle 


to  keep  the  feeder  open 
in  the  casting. 
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ind  supply  the  shrinkagi^  .'f  m'"' 


USB  OP  LARGE  FEBDBRS. 

69.  Often  with  feeders  ovpr  S  inches  in  diameter 
vill  not  need  lo  insert  a  feeding  rod  for  quite  a  time  1 
he  inuld  has  been  poured,  for  the  reason  that  the  ir-iii  0 
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not  commence  to  shrink  until  it  is  apprtiarhing  the  point 
of  solidificatiiin.  whirh  is  not  nnn'l  (he  metui  in  contact 
with  the  walls  of  the  mold  or  rore  li;is  cooled  down  con- 
siderably. 

Many  molders  when  feeding  large  heads  like  that  in 
Fig.  58  cover  the  metal  in  the  feeding  head  with  dry  black- 
ening  or  charcoal  dust  as  simii  as  the  mold  is  iioiired,  to 
keep  the  heat  from  escaping,  and  then  pour  in  hot  metal 
occasionally,  as  the  feeding  head  settles.  This  may  be  con- 
tinued in  large  feeders  (over  12  inches  diameter)  from  30  to 
60  minutes,  or  as  long  as  it  is  safe  to  do  so,  this  being  de- 
termined by  occasionally  passing  a  hot  feeding  rod  into  the 
casting  and  observing  whether  any  metal  sticks  to  it  when 
pulled  out.  When  iron  commences  to  slick,  it  is  time  for 
the  molder  to  put  in  the  feeding  rod  for  constant  and  care- 
ful operation,  or  until  it  is  driven  upwards  and  out  of  the 
casting  by  the  solidifying  metal,  as  already  described. 


70.-  In  feeding  heavy  castings,  there  should  be  several 
feeding  rods  on  hand,  a  few  of  them  smaller  than  the  ones 
generally  used,  so  that  if  one  rod  becomes  badly  clogged, 
it  can  be  removed  and  a  clean  one  nsed.  Feeding  rods  may 
often  be  kept  from  becoming  clogged  by  tapping  them 
lightly  with  another  rod  held  in  the  hand,  as  shown  in 
Fig.  til.  This  jars  off  the  metal  that  clogs  the  rod,  and  as- 
sists in  keeping  the  feeding  head  open  until  the  casting  has 
solidified.  The  partially  solidified  iron  that  is  jarred  off  the 
feeding  rod  can  be  worked  into  the  casting;  this  takes  it  out 
of  the  way  of  the  feeding  and  still  benefits  the  casting  by 
helping  to  cool  the  metal.  With  very  large  feeding  heads, 
it  is  sometimes  a  good  plan  lo  use  a  small  iron  scoop  and  dip 
out  the  dull  metal  in  the  head  for  a  depth  of  about  0  inches 
and  replace  it  with  hot  metal  direct  from  the  cupola,  which, 
after  being  poured,  can  be  churned  up  and  down  with  the 
feeding  rod  to  open  the  feeding  head,  and  so  obtain  a  good. 
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clean  hole  to  continue  the  feeding.  To  be  able  to  keqi  a 
feeding  head  open  until  the  solidifying  metal  drives  the  n-d 
out  of  the  casting  is  an  operation  requiring  skill  on  the  pari 
of  the  molder. 


SNAP  FLASKS.  ^H 

iiinlier  and   variety  of    small  lifflit 
lat  are  called  snap  flasks.     Fur 


common  use  on  the  bench,  these  flasks  range  from  Iq 
10  inches  hcjnare,  if  uf  the  form  shown  in  Fig.  02,  ami  ft 
10  to  IG  inches  in  tM 
ter.  if  of  the  form  si 
in  Fig.  63;  for  ramfll 
molds  on  the  floor,  1afl 
sizes  are  used.  Snaplb 
may  also  be  oblong  ol 
any  other  shape  liea" 
Those  shown  i  "" 
and  0.1  are  cunstrOC 
with  clasps  and  hifl 
as  seen  at  -i"  and  j 
■moved    from    the  outi 


S3fi 
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of  the  molci  williout  breaking  it;  this  permits  of  one  flask 
being  used  to  make  any  niiniber  of  molds.  It  is  chiefly 
molds  that  have  little  side  pressure  when  being  poured  that 
are  oast  in  snap  flasks;  for  when  the  flask  is  removed  from 
tiie  mold  (leaving  it  as  in  Fig.  69),  there  is  little  to  prevent 
the  pressure  of  the  fluid  metal  frum  bursting  the  mold  out- 
wardly. To  prevent  snap-flask  molds  bursting,  the  molder 
can  place  them  against  one  anutlier  in  rows  of  ten  or  more, 
and  then  bank  up  4  or  C  inches  of  sand  against  the  outside 


/. 


T^J"^' 


of  the  molds  in  the  outer  rows,  as  at  li.  Fig.  Il4.  If  the  bot- 
tom boards  stick  out.  as  at  c,  or  the  cope  has  lifting  ridges, 
as  shown  at  n,  sand  must  be  rammed  around  all  the  sides  not 
facing  the  outside,  as  at  li,  to  prevent  bursting.  Where  there 
are  only  a  few  molds  on  the  floor  that  are  liable  to  burst  when 
cast,  some  molders  when  ramming  the  nowel  place  loose  rings 
of  round  or  flat  iron  in  the  sand  to  strengthen  the  mold,  as 
at  b.  Fig.  04-  In  this  illustration,  a  weight  is  shown  on  the 
flask  at  w,  the  weight  being  of  the  form  shown  in  Fig,  4fi. 


BBNCII   MOLDING. 


ITS  ADVANTACES. 

72.  In  order  to  save  time  and  labor  in  making  some 
kinds  of  small  castings,  benches  of  the  form  seen  in  Fig,  06 
are  used.     There  are  many  firms  that  make  a  specialty  of 


bench  molding  witii  snap   flasks 
called  ))t:nt:li   iixilder*!. 


The  workmen  ; 
bench   molders  will   make 
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from  75  to  ItK)  molds  per  day,  according  to  the  size  of  the 
flask  and  the  character  of  the  pattern  used.  There  is  little 
skill  involved  in  bench  molding  compared  to  thai  necessary 
in  floor  work.  The  chief  skill  involved  in  bench  molding 
generally  lies  in  getting  up  the  pattern  and  mold  board. 
In  some  cases,  a  dozen  or  more  patterns  may  be  attached  I" 
a  plate  or  pattern  board,  and  the  whole  finished  in  such 
a  manner  that  as  soon  as  [he  plate  is  withdrawn  from  the 
mold,    the    cope    can    be    put    in    place.       While    there  are 


many  founders  making  a  specially  of  bench  molding  o"')'' 
there  are  many  large  foundries  that  could  ntilixe  bench** 
and  snap  flasks  for  making  some  of  their  very  light  cflsting*. 
instead  of  molding  them  on  the  floor  after  the  manner  *' 
heavy  work.  Not  only  are  benches  used  for  conveiiiei''* 
in  ramming  up  snap  flasks,  but  also  for  the  ordinary  small 
wooden  and  iron  flasks,  ranging  from  12  to  It  tnci^ 
square  or  round.  When  molding  light  work  upon  a  bencR. 
the  moider  can  take  a  convenient  position  while  at  work- 
Also,  his  tools  are  always  at  hand  and  ready  for  use,  ** 
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seen  in  Fig.  (iii,  where  llie  sieve,  strike,  dry  brush,  sponge 
and  swab  pot,  blackening  or  flour  bag,  parting  sand,  and 
place  for  his  rammer  are  marked  a,  b,  c,  «",  e,  f,  and^.  re- 
spectively; his  trowel  and  other  finishing  toois  can  also  be 
kept  at  hand.  Such  an  arrangement  of  the  ramming  bench, 
with  shelving  on  both  sides,  allows  all  tools  to  be  within 
convenient  reach  and  provides  a  place  for  everything  nec- 
essary in  ramming  and  finishing  these  molds. 


I 
I 


RAMMING   IIRNCH  PI.AHKH. 

73.     In  ramming  flasks  on  the  bench,  two  wooden  ram- 
shown  in  Fig.  (iO,  are  gem^rally  used,  one  in  each  hand. 


In  ram  in 


10  h  flasks. 


after  the  manner  seen  in  Fii 
the  nowel  especially  should  be 
peened  very  solidly  around  the  i 
outer  part  of  the  mold,  so  as  to  I 
give  as  much  strength  as  prac- 
ticable, to  withstand  the  side  J 
pressure  of  the  metal  < 
mold  when  it   is  poured.      In  \ 
using  a  rammer  in  each  hand, 
as  shown,   one   should   be   as 

effective  as  the  other;  this  requires  practice,  as  in  the  case 
of  a  man  learning  to  shovel  both  right-  and  left-handed. 
After  the  molder  has  peened  around  the  outer  portion  of  the 
mold,  the  rammers  are  changed  end  fur  end,  so  that  the  butt 
can  be  applied  to  finish  the  ramming.  The  butting  done, 
a  strike  is  u.sed  to  level  off  the  nowel,  ready  for  the  bottom 
board.  This  is  rubbed  down  to  a  good  solid  bearing  and 
removed  for  the  purpose  of  venting,  if  such  is  necessary, 
after  which  the  board  is  returned  and  the  whole  rolled  over 
without  the  use  of  clamps,  the  molder  holding  the  boards  in 
place,  as  seen  in  Fig.  67.  The  nowel  having  been  rolled 
over  and  the  joints  made,  the  cope  is  then  rammed  up,  lifted 
off,  and  set  upon  the  shelf,  as  seen  at  A,  Fig.  i!8.  When  the 
patterns  are  drawn  and  the  mold  finished,  the  cope  is  re- 
placed.     In  Figs.  «5  and  m,  to  show  ckarly  what  the  molder 
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doiiiy,  lie  is  sIkiwii  slandiiii;   lo  out;   side  of  ihc  htnch 

■   »   I    f    I 


instead   >A   in    front — the  latter  being   the    proper   position 
wljvO  niiiinii'iB  or  drawing  a  pattern. 
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,  USING  SNAP  FLASKS. 

74.  The  flasks  having  been  closed,  the  clasps  at  .r, 
Fig.  C2.  are  unhinged  and  the  cope  and  iiowel  then  re- 
moved and  placed  upon  the  shelf  at  the  left  of  the  ram- 
ming bench,  ready  for  making  the  next  mold.  The  mold 
is  now  picked  np  and  carried  to  its  place,  as  shown  in 
Fig.  (19.     In  placing  the  first  molds  on  the  floor,  they  are 


carried  away  as  far  as  necesssary  in  order  to  have  the  floor 
contain  the  day's  work,  and  sufficient  room  is  left  between 
the  bench  and  the  nearest  row  of  molds  to  cast  them.  In 
setting  the  molds,  they  shoidd  be  placed  nearly  level  and  as 
close  together  as  they  can  be,  and  then  in  starting  to  pour 
them,  those  in  the  front  row  near  the  bench  arc  cast  first. 
It  generally  requires  two  men  to  "  pour  off  "  a  floor.  As  each 
row  is  poured  off,  the  molder's  assistant  first  changes  the 
weight  If,  Fig.  6-t,  to  the  next  row,  and  then  pulls  back  the 
row  that  was  poured  to  leave  room  for  the  molder  to  go 
between  the  rows,  this  process  being  continued  until  all  the 
rows  are  poured  off.  The  pouring  having  been  finished,  the 
molder  starts  at  the  front  and  picks  up  each  flask  and  carries 
it  to  the  space  for  the  sand  pile  near  the  ramming  bench. 
The  bottom  boards  are  piled  close  by  the  bench  and  the 
castings  are  pulled  from  the  sand  with  longs  and  placed  on 


one  side  in  a  pile,  Occasionally,  in  shaking  «iut,  the  nioidcr 
sprinkles  the  hot  sand  with  water,  so  that  il  may  be  in  good 
shape  for  tempering  the  next  morning, 

MODERN  SHOP  EQUIPMENT. 

7S.  TIic  two  items  to  which  attention  is  directed  in 
up-to-date  establishments  is  the  use  of  power  (other  than 
hand)  and  the  adoption  of  motdlntc  miichlnKH. 

In  heavy-work  foundries,  the  advance  has  been  ehieflyin 
the  direction  of  securing  shops  well  arranged,  lighted,  and 
ventilated,  and  the  installation  of  power  cranes — operalerl  bj 
electricity,  steam,  or  compressed  air — by  which  one  man  an 
often  do  the  work  of  a  dozen.  Also  elevators  are  used  t" 
raise  the  stock  to  the  cupola  instead  of  carrying  it  in  wheel- 
barrows as  formerly,  power  screens  and  riddles  for  preparing 
the  sand,  and  pneumatic  rammers  for  work  on  large  rmilds. 

In  light-work  foundries,  the  molding  machine  is  playing 
an  important  part  in  reducing  the  cost  of  production.  Thc« 
machines  have  not  replaced  hand  work  entirely,  hut  ibfy 
are  gaining  ground.  They  are  made  in  a  great  varieiyoE 
styles,  to  suit  different  kinds  of  work,  and  are  run  either  bj 
hand  or  power.  As  a  rule,  they  produce  exact  copies  4  ih' 
pattern  in  work  for  which  they  are  adapted.  They  generally 
save  from  one-fourth  to  one-half  nf  the  molding  labor  thai 
would  be  incurred  if  maile  on  the  bench  or  floor  hy  hand 
These  machines  save  labor  chiefly  in  ramming  the  aarnl; 
much  of  the  other  work  is  the  same  as  it  would  be  wilhou' 
the  use  of  a  machine.  Some  machines,  however,  have  »!>■ 
pliances  that  mix  and  carry  the  sand  to  the  flask,  leavii'S 
the  molder  only  the  work  of  placing  and  carrying  a«y  ^^' 
flask,  together  with  a  little  finishing  of  the  mold  and  »'■ 
ting  of  the  cores. 

The  five  views  in  Fig,  70  will  without  further  csplan^- 
tion  give  an  idea  of  hand  molding  machines. 

Fig.  71  is  from  a  photograjih ;  it  shows  the  character  "t 
casting  that  can  be  made  on  a  molding  machine,  and  aW 
I  the  number  that  can  be  made  in  a  flask  on  one  gate.       ^^H 
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Not  only  have  machines  and  mechanical  appliances  been 
helpful  in  light-work  foundries,  but  also  for  heavy  work 
there  are  devices  that  are  of  much  assistance  in  producing 
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greater  ijiiantity  ami  bcttur  quality  of  work   than  i 
obtained  with   hand  labor  alone.     Thuru  are  fow 


i 


shops  that  are  not  using  some  improveineiils  designed  for 
their  specialties,  which  have  demonstrated  their  value. 

In  cleaning  castings,  appliances  such  as  tumbling  barreU, 
pickling  baths,  emery  wheels,  sand  blasts,  and  pneumatic 
chippers  are  now  being  largely  used  as  improvements  OVrt 
old  methods.  While  one  could  continue  to  enumeralcspceill 
labor-saving  devices  adopted  for  special  jobs,  it  is  neW- 
theless  true  that  the  greatest  improvement  in  quality afu) 
quantity  in  the  production  nf  castings  has  been  due  W 
specializing  in  certain  lines  of  work;  the  founder  studies t" 
fit  up  specially  for  the  production  of  this  work  and  also  tato 
advantage  of  the  constantly  increasing  proficiency  of  Ws 
workmen,  who  naturally  improve  from  day  to  day  v\ko 
restricted  to  the  same  kind  of  mold.  The  mokler  who  can- 
not without  extra  exertion  improve  in  quantity  and  qiialiiy 
by  constant  application  to  one  job  is  a  very  poor  type  uf 
workman. 


PROTECTING   THE  MOLD  AOAINST   FL'SIl 


76.  In  order  to  obtain  a  smooth  surface  on  the  castir^ 
it  is  essential  that  the  sand  forming  the  face  of  the  TdS 
should  be  well  tempered  and  sieved  and — for  a  large  diS 
of  work — be  mixed   with  some    protective    material  '" 


astir*  J 
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composed 
f  lime,  oxide  of  iron,  potas- 
I  latter  elements  are  easily 
silica  to  form  silicates  ur  a 
tstings,  may  form  a  scale 
ich  up  to  1  inch,  if  the  face 


kftp  the  sand  from  futtlnfc*      Molding  sands  :: 

of  silica,  with  small  quantities  of  lime,  oxide  o 

sium,  and  magnesia.      T 

fused;  they  combine  with  the  i 

kind  of  glass  that,  on  heavy  t 

varying  in  thickness  from  -j^  ii 

of  the  mold  is  not  protected  with  some  non-fusible  material. 

The   face  of   the  mold  may  be  protected  by  mi.iing  finely 

ground  ii«a  coal  witli  the  sand,  or  by  facing  the  moid  with 

blackening.    In  some  cases  a  facing  sand  containing  sea  coal 

is  used,  and  this  surface  is  covered  with  blackening. 

Sea  coal  in  America  is  obtained  chiefly  from  the  Youghi- 
ogheny  River  and  Cumberland  districts  and  is  selected  for 
its  gaseous  qualities  and  freedom  from  slate  and  sulphur, 
In  addition  to  mixing  sea  coal  with  the  facing  sand,  the  sur- 
faces of  molds  are  often  covered  with  what  is  called  blaclc- 
enlntc  or  lead.  Blackcnings  and  leads  consist  chiefly  of 
carbon,  the  other  ingredients  being  alumina,  silica,  lime,  and 
iron;  the  less  of  these  latter  elements  present,  the  more  in- 
tense heat  the  blackeiiings  and  leads  will  stand  before  fusing. 
The  cheaper  blackenings  are  composed  chiefly  of  Lehigh 
coal,  coke,  gas-house  carbon,  and  charcoal,  with  the  addition 
of  various  minerals  that  contain  little  or  no  lead.  These 
blackenings  when  ground  to  a  powder  lack  cohesion,  and, 
therefore,  they  are  apt  to  float  or  wash  before  the  flow  of 
iron  when  the  mold  is  being  poured.  To  guard  against 
this,  various  minerals  or  clays  are  ground  in  the  blacken- 
ings to  give  them  cohesion.  The  finer  the  pure  coke  or  car- 
bon is  ground,  the  more  cohesion  will  it  possess;  and  when 
ground  very  fine,  the  cohesion  may  be  sufficient  to  hold  the 
material  together  without  the  use  of  any  bond.  Lehigh 
blackenings  are  made  by  grinding  to  a  dust  fine  qualities 
of  Lehigh  coal.  Coke  blackenings  are  made  from  good 
grades  of  coke,  selected  from  a  grade  having  the  highest 
fixed  carbon,  which  at  times  runs  as  high  as  90  per  cent. 
Gas-house  carbon  being  practically  a  pure  carbon,  makes 
excellent  blackening;  but.  on  account  of  its  being  a  difficult 
material  to  grind  and   bolt,  it  is  not  in   much  favor  with 
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blackening  manufacturers.  Charcoal,  in  order  that  it  may 
make  a  good  blackening,  requires  to  be  made  from  some 
hard  wood,  as  hard  maple,  and  to  be  carefully  burned.  Soft 
or  stringy-grained  wood  is  not  well  adapted  for  making 
charcoal  blackenings. 

Graphite   is  recognized  as  being  the  most  non-fusible 
material  used  for  blackening.     The  best  grade  of  imported 
graphite  comes  from  the  island  of  Ceylon.     In  its  crude  state 
it  looks  like  bright  chips  of  burnished  silver,  from  which  fact 
it  is  commonly  called  silver  lead.    This  grade  of  graphite  is 
not  only  very  valuable  for  mixing  with  blackenings  intended 
for  green-sand,  dry-sand,  and  loam  work,  but  it  is  also  good 
to  dust  in  a  dry  state  over  the  surface  of  molds,  as  it  assists 
in  sleeking  the  mold  and  peeling  the  casting.     Of  recent 
years,  graphite  has  been  extensively  used  in  many  foundries. 
In  putting  it  on  a  mold,    many  molders  use  camers-hair 
brushes,  while  others  will  shake  it  out  of  a  bag,  as  seen  in 
Fig.  34,  or  throw  it  on  by  hand.     High  grades  of  graphite 
excel  all  other  blackening  in  peeling  a  casting  and  giviag 
it  a  fine,  smooth  face,  and  bright  color.     Some  grades  of 
graphite  are  procurable  in  this  country.     North  Carolina 
produces  some  graphite,  but  it  is  mixed  largely  with  clay 
and  other  foreign  substances.     Graphite   is  also  found  m 
eastern  Pennsylvania  and  Tennessee,   but   the  best  grade 
comes  from  Ticonderoga,  New  York. 


PRBPARING   THK   FACING   SANU. 

77.  Percentage  of  Sea  Coal. — As  a  rule,  the  heavier 
the  casting,  the  more  sea  coal  is  required  in  the  facing,  the 
limit  being  1  part  of  sea  coal  to  0  parts  of  sand.  If  more  sea 
coal  than  this  is  used  on  any  casting,  it  is  very  liable  to 
make  the  surface  streaked  or  veined,  especially  in  heavy 
work;  although  where  the  molds  are  heavily  coated  witn 
good  graphite,  or  are  poured  with  dull  iron,  this  will  not 
be  so  {)ronounced.  Facing  sand,  if  made  too  strong  in  sea 
coal,  will  prevent  light  castings  running  sharply,  andisvery 
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apt  to  cause  cold  shuts  (this  term  refers  to  the  condition 
induced  when  two  bodies  of  fluid  metal  run  together  but  fail 
to  unite),  or  else  make  the  surface  of  the  casting  harder  than 
if  a  weaker  facing  had  been  used ;  this  is  due  to  the  gas  that 
sea  coal  generates  when  the  mold  is  being  poured.  This 
gas  is  liable  to  create  a  cushion  between  the  mold  and  the 
metal;  and  the  amount  of  cushioning  depends  on  the  speed 
of  pouring,  the  amount  of  pressure,  and  the  fluidity  of  the 
metal.  Where  the  facing  sands  are  strong  in  sea  coal  and 
the  castings  are  poured  "dull,"  the  metal  often  becomes  set 
before  the  gas  cushions  are  all  destroyed.  This  has  the  effect 
of  preventing  the  metal  from  running  into  the  corners  and 
edges  of  the  mold  and  may  also  cause  cold  shuts.  Then 
again,  these  gases  may  make  smooth,  concave  indentations 
in  castings,  as  seen  at  h',  Fig,  55,  Another  effect  some- 
times produced  hy  sea  coal  is  the  coating  of  the  surface  of 
the  castings  with  what  might  be  termed  coal  soot.  How- 
ever, for  this  to  take  place  to  any  great  extent  requires  a 
combination  of  conditions  that  seldom  exists.  While  the 
objectionable  conditions  described  are  usually  lo  be  found  in 
light- and  medium-weight  castings,  still,  heavy  castings, 
when  poured  with  dull  iron,  may  also  present  some  of  them. 
The  proportion  in  which  sea  coal  is  mixed  with  sand  ranges 
from  1  in  30  up  to  1  in  6,  Castings  under  J  inch  in  thick- 
ness seldom  require  any  facing  sand.  Below  }  inch  thickness, 
better  and  smoother  castings  (that  cannot  be  poured  quickly) 
are-  often  obtained  by  using  common  heap  sand,  well  tem- 
pered and  sieved  finely  on  the  patterns.  In  general,  castings 
from  J  inch  to  1  inch  thick  require  facing  sand  having  1  part 
of  sea  coal  to  13  parts  of  sand;  above  1   inch  and  up  to 

3  inches,  1  part  sea  coal  to  10  parts  sand;  from  2  inches  to 

4  inches,  1  part  sea  coal  to  8  parts  sand;  all  above  3  inches 
in  thickness,  1  part  sea  coal  to  U  parts  sand.  In  mixing 
facing  sand,  some  molders  use  common  heap  sand,  or  old 
sand  mixed  with  new  in  varying  proportions,  according  to 
the  strength  of  the  different  sands. 

It  is  not  always  the  thickness  of  the  casting  that  regulates 
the  strength  of  the  facing  sand.     There  are  many  other 
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things  to  be  considered:  (1),  whether  the  casting  is  to  be 
poured  with  hot  or  dull  iron;  (2),  the  distance  of  some  parts 
of  the  mold  from  where  the  metal  enters;  (3),  the  time  it 
will  take  the  mold  to  become  filled  with  iron;  (4),  whether 
the  metal  is  running  over  flat  surfaces,  and,  (5),  is  covering 
them  slowly  or  quickly.     Then  again,  heavy  solid  castings 
have  become  **cold  shut "  owing  to  the  use  of  facings  that 
were  weak  in  proportion  to  the  thickness  of   the  casting, 
caused  by  the  slow  rising  of  the  metal  in  pouring  the  cast- 
ing.    Strong  facings  on  the  sides  of  a  mold,  where  the  iron 
runs  in  and  rises  slowly,  may  easily  cause  heavy  castings  to 
be  **cold  shut."     Again,    the   square   corners   of  castings 
should,  generally  speaking,   have  weaker  facings  on  them 
than  the  straight  plain  surfaces,  and  the  lower  parts  of  high 
molds  should  have  a  stronger  facing  than  the  upper  portion; 
since,  if  the  strong  facing  suitable  for  the  lower  portion 
were  used  at  the  upper,  the  casting  at  the  upper  part  would 
be  curly  or  partly  cold  shut  at  the  surface,  owing  to  the 
dulness  of  the  metal  when  it  reached  the  upper  portion  of 
the  mold.     A  new  sand  without  mixture  will  require  more 
sea  coal  than  if  it  were  mixed  with  old  or  common  heap 
sand. 

Where  molds  are  long  in  preparation,  or  are  to  withstand 
rough  usage  in  drawing  the  patterns,  it  is  best,  if  there  are 
no  conditions  prohibiting  it,  to  use  new  sand  in  mixing  the 
facings.  For  copes  covering  heavy  castings,  it  is  best  to  use 
all  new  sand.  For  light-work  copes  that  cover  flat  surfaces 
it  is  best,  when  the  new  sand  is  strong,  to  use  some  old  sand 
with  it — in  equal  proportions  sometimes. 

78.  ThorouKli  Mixing  Necessary^  —  It  is  not  un- 
common to  find  castings  streaked,  veined,  cold  shut,  or  not 
peeled,  because  the  sea  coal  in  the  facing  had  not  been 
thoroughly  mixed  with  the  sand.  When  castings  are  very 
massive,  as  great  a  percentage  of  sea  coal  as  possible  is 
mixed  with  the  sand,  in  order  to  peel  the  casting.  Much 
more  sea  coal  can  be  added  to  some  sands  by  thorough 
mixing  than  would  be  otherwise  possible.     In  some  cases  it 
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may  be  possible  to  mix  facings  for  massive  castings  with  as 
high  a  proportion  as  1  part  of  sea  coal  to  5  parts  of  sand, 
providing  the  sea  coal  is  thoroughly  mixed  with  the  sand. 
A  good  way  to  mix  facing  sands  thoroughly  is  to  tramp 
them  with  the  feet  for  from  2  to  4  cuttings  or  **  turnings 
over  "  of  the  sand,  and  then  at  the  last  cutting  to  riddle  it 
through  a  ^-inch  riddle  and  then  through  a  ^-inch  one,  and 
finally  through  the  sieve  before  applying  it  to  the  face  of  the 
pattern.  In  cutting  the  sand,  it  should  be  well  scattered,  as 
shown  in  Figs.  2  and  3,  Foundry  Wark^  Part  1. 
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CORE   MAKING. 


GttEG.\-SA\D.  nHV-SAMt,   A.XD   LOAM  CORBH. 

1.  Cores    are    bodies    of    icreea-Mtnd,    dry-iutnd,    or 

loam,  generally  made  separately  from  the  molds  and  placed 
ill  them  to  form  such  interiur  openings  or  holes  in  the  cast- 
ings as  cannot  be  economically  or  safely  formed  directly 
with  the  pattern.  It  generally  requires  greater  experience 
and  skill  to  make  cores  in  green  sand  than  it  does  in  dry 
sand. 

2.  The  cores  for  many  castings  can  advantageously  be 
made  of  green  sand,  especially  when  a  large  number  of  cast- 
ings must  have  their  core  sections  uniform  in  size.  This 
will  be  better  understood  when  it  is  considered  that  dry-sand 
cores,  especially  large  ones,  are  liable  to  sag  or  change  their 
shape  in  drying  the  sand,  whereas  green-sand  cores  remain 
the  size  of  the  box  in  which  they  were  made.  Another  ad- 
vantage of  green-sand  cores  lies  in  their  permitting  the  ma- 
king of  thinner  castings  of  pipes,  etc.  than  can  be  made  with 
dry-sand  cores,  especially  in  the  larger  sizes.  Where  there  is 
danger  of  the  gates  cutting  or  scabbing,  or  where  the  cast- 
ing is  massive  in  its  proportions,  it  is  safer,  as  a  rule,  to  use 
dry-sand  or  loam-work  cores;  this  is  also  true  of  intricate 
shapes,  or  when  it  is  dif!lcult  to  vent  a  core. 
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§3: 


CORB  BARKKLS  FOR  GRBKN-SAND  COBB8. 

3.     In  Fig.  1   is  shown   the  side  and  end  of  a  pipe  or 
cylinder  that  is  to  be  cast  by  the  use  of  green-sand  cores. 

This  casting  may  have  a  diameter  of  from 
6  inches  to  4  feet  and  a  length  of  from 
1  foot  to  8  feet  or  more.  The  larger  the 
diameter,  the  longer  a  casting  can  be 
made. 

4.     There  are  two  ways  of  construct- 
ing cores  for  such  pieces  as  this.     Cores 
from  G  inches  up  to  24  inches  in  diameter 
can  be  made  after  the  manner  shown  in 
Figs.  2  and  3.     The  iron  core  barrel  g, 
shown  in  Fig.  2,  is  sometimes  used.   This 
core  barrel  has  prickers  //,  from  2  to  3 
inches  apart  on  the  outside,  to  help  hold 
the  sand  on  the  barrel  when  making  the 
core.     Core  barrels  need  to  be  perforated 
with  from  |-inch  to  ^-inch  vent  holes  / 
placed  about   4   inches   apart.     Wooden 
core  barrels  with  nails  driven  closelv  all  over  the  exterior 
have  been  used  for  making  pipes  about  24  inches  in  diam- 
eter and  4  feet  long. 

5.     There  are  two  designs  for  cast-iron  core  barrels  in 
common  use.     In  one  the  barrel    is   cast  with  prickers  on, 
as    shown    in    Fig.    2;    in    the    other    design    ribs   are  run 
the  whole  length  of  the    barrel.     As  a   rule,    the  ribs  are 
used  for  the  smaller  sizes  of  barrels,  on  account  of  their 
making  the  barrels  stiffcr,  thereby  preventing  the  core  froTii 
settling  or  raising  and  thus  altering  the  thickness  oftHe 
casting   when   the   mold  is  being  poured.     The  larger  t'he 
barrels  are  in  diameter,   the  more   resistance  they  offer    t;o 
settling  or  springing.     As  a  rule,  barrels  over  8  inches     -^i 
diameter  are  stout  enough  without  the  ribs,  unless  they^^^ 
more  than  8  feet  long.      Ii  is  desirable  to  avoid  the  u-^^    ^^^ 
ribs  and  to  give  prickers  ihc^  preference  whenever  possit>'^' 
since    the    latter   hold    the    sand    much    better.      The  vios 
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I  separate  llic  sand  into  scrtions,  whereas  the  prickei-.s  kerp  it 
Imorr  ncarl)-  in  one  Imdy.  The  larger  the  pipesarein  diani- 
|i.eter,  Ujc  longer  can  they  be  cast.      Thus,  in  the  ease  nf  pipe 


which  is  cast  in  a  horizontal  piisition,  a  pipe  ]  foot  in  dinni- 
cler  miyht  be  0  feet  long,  whereas  a  H-int-h  pipe  is  rarely 
cast  over  4  feet  long,  on  account  of  its  core  barrel  lacking 
stiffness, 

ft.  In  some  cases  it  is  practicable  to  use  cbaplcls  on  the 
lioitom  and  top  of  green-santl  cores,  thns  permitting  the  nse 
"{  sUra  core  bars,  and,  consequently,  the  casting  of  long 
pipes;  they  may  also  be  used  to  aid  stout  core  bars  should  it 
t*  desirable  to  do  so.  For  this  purpose,  a  knob  is  generally 
Cist  on  the  under  side  of  a  core  bar  and  is  made  come  flush 
with  the  bottom  face  of  the  core.  This  knob  is  intended  to 
cnmc  directly  over  a  chaplet  and  so  cause  a  connection  of 
ma  with  iron  to  support  the  core.  For  chaplet  ing  the  co[)e, 
s  holu  may  be  cut  in  the  core  down  to  the  core  bar,  and 
I'ltse  pieces  of  iron  or  nuts  may  be  inserted  anil  niaile  flush 
"Tith  the  top  face  of  the  core.  The  cope  chaplels  may  be 
^l  on  these  loose  pieces,  which  should  be  as  small  a«  pos- 
sible. When  shaking  out  the  core  barrel,  the  loose  pieces 
Under  the  cope  chaplets  will  work  loose  and  permit  the 
release  of  the  barrel.  In  making  core  barrels,  the  space 
allowed  for  sand  generally  varies  from  f  inch  to  1  inch. 
Cencmlly.  the  larger  the  bars  are,  the  greater  should  1"=  'he 
space  allowed. 
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7.  Before  slartiiig  to  use  core  barrels,  lliey  are  generally 
coated  with  good  thick  clay  wash  or  with  thin  flour  paste,  or 
they  are  wet  with  water  to  assist  in  making  the  sand  stick 
to  them.  Where  the  sand  is  strong  and  open,  water  will 
generally  suffice.  The  core  barrel  is  set  on  the  horses  a,  a. 
Fig.  3;  the  sweep  hoard  fi  is  then  adjusted,  and  sand  is 


packed  by  hand  upon  the  barrel.  Nest,  with  a  man  slowly 
tnrning  the  core,  the  sweep  board  is  pressed  lightly  for- 
wards until  it  strikes  a  stop,  which  determines  the  diam- 
eter. In  this  case,  the  diameter  is  determined  by  the  edge 
of  the  sweep  board  i  coming  against  the  flanges  c,  c  of  the 
core  bar.  While  the  flanges  can  be  used  to  gauge  the  diam- 
eter, it  is  belter  to  have  the  stop  for  the  diameter  Independ- 
ent of  the  barrel,  since  the  friction  in  turning  will  wear 
away  the  sweep  board  and  also  cause  the  barrel  to  vibrate, 
which  may  cause  the  sand  to  drop  while  making  the  core. 
After  the  core  has  been  swept  and  before  the  last  revolution 
is  made,  some  well-tempered  sand  is  sifted  on  the  core  from 
a  f-inch  sieve  to  make  it  as  smooth  as  possible. 

8.  For  thin  pipes,  avoid  as  much  as  possible  sleeking  the 
surface  of  the  cores,  The  metai  will  then  He  more  readily 
against  the  core,  allow  the  mold  to  be  filled  better,  and 
make  the  casting  more  free  from  cold  shuts.  When  pipes 
are  over  J  inch  thick,  the  cores  may  be  sleeked  to  advan- 
tage, and  may  even  have  blackening  rubbed  on  the  top 
and  lower  half,  thus  making  the  inside  of   the  pipes  peel 
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smoothly.  Should  pipes  be  poured  from  top  gates,  as  shown 
in  Fig.  2,  it  is  well  to  rub  the  surface  directly  under  the 
gates  where  the  iron  will  strike  the  core,  with  a  good  coat- 
ing of  heavy  blackening  or  silver  lead. 


MAKING  ROUKU  CURBS  IN  BOXES. 

9.  Fig.  4  shows  a  method  by  which  cores  can  be  made 
larger  than  by  the  method  illustrated  in  Fig.  A.  Cores  c 
also  be  made  for  small  pipes  and 
similar  work  in  the  same  manner. 
The  objections  to  making  cores  in 
this  way  are  that  they  require 
more  sand,  time,  and  labor  than 
are  needed  with  the  method  pre- 
viously explained.  For  pipes  or 
cylinders  over  'il  inches  in  diame- 
ter, this  method  is  necessary  with 
the  general  run  of  sand,  for  when 
pipes  that  are  cast  flat  are  larger 
than  24  inches  in  diameter,  there 
is  some  danger  of  the  pressure  rais- 
ing the  upper  half  of  the  core  off 
the  barrel  when  the  mold  is  being 
poured.  The  core  arbor  /  is  raadf 
in  one  piece;  the  ends  ni  and  ii 
are  made  circular  and  exactly  true 
with  the  trunnions  r,  r.  The  end  vi 
is  a  little  smaller  than  the  inside  of 
the  pipe  or  cylinder,  in  order  to 
allow  the  arbor  to  slide  easily  out 
ij[  the  casting  when  cleaning  it. 
Between  the  ends  ;«  and  «  are  the  c 
These  come  up  only  half  way  in  the  core,  wh 
is  made  solid  up  to  the  line  o.  When  the  c 
this  far,  it  is  then  vented  down  to  the  bottom-,  with  c 
or  fine  coke  placed  over  the  vents,  to  connect   with 
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rods  run  through  the  holes  p  in  the  end  of  ihc  arlmr.  Sand 
is  next  shoveled  on,  and  the  6rst  course  is  lighlly  tamped 
with  the  butt  of  the  rammer.  The  sand  required  to  finish 
the  top  half  of  the  core  is  packed  down  firmly  with  the  hand 
after  ihe  butting;  the  top  half  is  then  vented  closely  down 
to  the  cinders.  The  vent  holes  having  been  stopped  with 
the  jialni  of  the  hand,  a  "  strike  "  q  is  gently  pulled  from  line 
end  to  ihe  other  to  give  form  to  the  top  half  of  the  core. 
The  first  "striking  off"  of  the  core  will  leave  H  a  UtlJe 
rough.  This  is  smoothed  by  sifting  on  sand  and  packing  it 
lightly  with  the  hand,  after  which  the  strike  q  is  worhed 
from  end  to  end.  If  the  core  is  for  thick  castings,  the  top 
is  sleeked,  and,  if  necessary,  blackened. 

lO.  The  top  having  been  finished,  the  whole  core  is 
lifted  out  of  the  cure  box  by  the  ends  i\  r,  Fig,  4.  The 
bottom  of  ihe  cort'  is  next  finished  and  then  set  into  t 


mold.  A  section  of  the  mold,  with  the  core  in  half  section, 
is  shown  in  Fig.  5.  In  selling  such  cores  into  a  large  mold. 
plates  and  blocking,  as  j,  s,  are  often  provided,  aslhcrei» 
a  liability  of  such  heavy  cores,  when  left  to  depend  wliolif 
on  the  sand  for  a  bearing,  crushing  the  sand,  which  caiisw 
it  to  drop  into  the  mold  at  the  ends  near  the  print  bcarinB!*- 
By  means  of  the  blocks  and  plates  s,  s,  solid  bearings  for 
the  core  are  provided;  wedges  can  be  inserted  tp B 
core  lo  its  proper  height. 
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MAKING  SQUARE  CORES  IIW   GREEN  SAND. 

11.  In  making  square  columns,  green-sand  cores  can 
often  be  used  to  advantage.  Fig.  C  shows  one  style  of 
cure  arbor  used  for  such  work.     In  making  such   arbors. 


a  stout  rectangular  bar  «  is  cast,  and  then  loose  cross- 
bars 0  fastened  to  it  by  wedges  /.  Wood  is  used  for 
wedges  for  the  reason  that  it  will  char  and  leave  the  cross- 
bars free,  thus  permitting  the  core  to  be  readily  removed 
from  the  casting.  Where  there  are  a  number  of  such  cast- 
ings to  be  made  and  they  arc  not  too  long,  the  bars  can  be 
cast  in  one  piece  by  providing  prints  on  the  cross-bars  to 
cast  vent  holes  r  to  admit  vent  rods.  The  core  boxes  for 
large  round  or  square  cores  are  generally  made  of  wood. 
They  have  loose  sides  j,  loose  ends  y,  and  also  a  loose  bot- 
tom .tr.  The  top  of  the  core  is  struck  off  with  a  strike. 
These  boxes  are  held  together  at  their  ends  with  screws  or 
clamps,  and,  if  they  are  long,  clamps  or  stays  are  used  at 
the  center  to  keep  them  from  springing. 


BEARING  FOR  THE   PRINTS  OF  PIPES. 

t2.  In  casting  the  larger  sizes  of  pipes  and  cylinders,  it 
IJ*  essential  that  the  core  barrels  should  have  good  bearings, 
"'pes  and  cylinders  ranging  from  'i  inches  to  0  inches  in 
diameter  may  be  cast  by  having  sand-print  bearings  only, 
"uc  above  these  sizes  it  is  economical  to  have  the  ends  of 
^he  arbors  turned  true,  so  that  they  may  cxartly  fit  the 
flaslt  ends  or  fill  the  print.  By  having  such  rigid  bearings, 
H  IS  evident  that  a  core  will  be  kept  in  place,  and  that  its 
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weight  cannot  sink  it  or  the  pressure  of  the  metal  raise  it. 
Where  the  ends  of  an  arbor  and  flask  cannot  be  made  to 
closely  fit  each  other,  the  blocking  and  wedges  shown  at  J, 
Fig.  5,  may  be  necessary;  and  to  prevent  the  cores  from 
raising,  the  blocking  shown  at  /  in  Fig.  5  may  be  required. 
This  blocking  can  be  carried  up  under  cross-bars  or  weights, 
which  can  be  wedged  to  prevent  the  cores  from  raising. 
Where  pipes  are  rolled  over  in  molding,  the  pattern  prints 
should  be  made  to  extend  into  the  ends  of  the  flask  in  order 
to  have  the  mold  central  with  the  core. 


RAMMING  COKBS  AND  GATING   MOLDS. 

13.  In  green-sand  cores,  care  and  judgment  must  be 
exercised  to  make  the  bottoms  no  harder  than  is  necessary 
to  cause  the  sand  to  hang  together  well  while  casting.  The 
upper  part  of  such  cores  should,  as  a  rule,  be  rammed  firm 
but  open,  so  that  iron  may  have  close  contact  with  them. 
Where  pipes  or  cylinders  are  poured  with  the  gates/.  Fig.  2, 
arranged  to  drop  the  metal  from  the  top,  the  sand  will  re- 
quire to  be  of  a  stronger  character  and  should  be  rammed  a 
little  harder  than  if  they  were  poured  at  the  bottom,  and 
the  metal  flow  through  the  inlet  gates  r.  These  gates  r 
are  connected  with  the  upright  gates  s  by  cutting  a  gate 
under  the  bottom  print  3  or  4  inches  back  from  the  edge 
of  the  flange.  In  casting  pipes  it  is  wise  to  have  risers 
or  feeders  /  on  the  tops  of  the  flanges,  and  when  casting  to 
cover  them  with  balls  of  clay,  as  it  is  always  better  when 
pipes  are  cast  flat  to  have  the  molds  air-tight. 


MAKI^^G  nUY-SAxM)  CORES. 

14.  Any  core  that  is  made  of  damp  sand  and  baked 
hard  with  oven  heat  to  the  end  that  it  may  stand  handling, 
is  called  a  dry-sand  core.  These  cores  can  be  used  to 
produce  intricate  forms  and  can  also  be  placed  in  positions 


tliitt    are    impossible    with    the 

For  illustration,  llie  ports  a 

anil  b  Mi   a.  sleam   cylinder, 

shown    ill    Fig.    7,    require 

thin     cores     of    a     crooked 

shape    that    could     not     be 

made  of   green  sand.     This 

class  of  cores  is  among  those 

most  difficult   to  make,  and 

will   be  treated   farther  on. 

The  simplest  cores  are  those 

having   a   plain    round    and 

square  form.     Fig,  8  shows 

boxes  for  square  and  round  cores.      Tlic  boxes  arc  jointed. 

so  as   to  permit   of   their  being  easily  removed   from  the 


nd  brass,  and  also  of 


SMALL  HOUNP  CORBS  WITH  CENTRAL  VBNTB. 

15.  Nearly  any  one  can  be  taught  to  make  a  small 
square  core  in  a  few  moments,  but  since  making  round  cores 
is  somewhat  more  difficult,  the  method  will  be  illustrated 
here.  A  knowledge  of  this  method  will  also  be  beneficial 
when  making  more  intricate  cores.  In  Fig.  9  {n),  a  core  box 
is  sliown  clamped  together  and  the  core  is  being  rammed. 
After  about  2  inches  of  the  core  has  been  rammed,  the  box 
is  turned  end  for  end,  as  shown  in  Fig.  9  {#),  and  a  vent 
wire  pushed  in  through  the  center  of  the  core.  After  this 
is  done,  the  box  is  turned  back  to  the  first  position 
and  the  core  is  rammed  up  to  its  end,  care  being  taken  to 
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give  a  vent  running  t" 
the  side  of  the  core,  x^ 
the  vents  <■  in  Fig.  ID, 
instead  of  its  being  cen- 
tral,   as    the    vent  / 

vented  as  al  ^  ' 
have  often  cau.scd  cast- 
ings to  be  lost.  To  Jife- 
vent  this  loss,  pattnt? 
have  been  tuken  out  /of 
a  machine  tliat  insures 
all  vents  in  round  coib 
being  exactly  in 
i--eni<;r.  By  follotring 
the  directions  given, 
there  is  no  excuK  W 
bad  castings  throusfi 
the  vents  nut  I*'"!: 
central. 


to  ram  the  sand.     It  is  not  unco 


16.  Another  fi;«"«  J 
lolvingpointsof £«''  I 
li  bad  practice  in  paj 


size  of  the  rod  t  b 

in  Fig.  9  (<-}thalfaBl 

ion  III  sec  a  mnldero 
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such  a  large  rod  that  it  nearly  fills  tht: 
rod  is  used,  it  will  be  found  that  when 
they  often  fall  to  pieces.  By  using  rods 
fill  the  core  box,  every  ramming  forms  r 
greater  or  less  degree,  and  this  prevents 


if  t 


ilai 


the 


sand  from  adhering ;  whereas  if , 
hesion  between  the  layers  would 
be  strong  enough  to  stand  rough 
lianilling.  For  ramming  a 
1-inc'h  core,  a  :t-inch  to  |-inch 
rod  is  large  enough.  For  a 
IJ-ineh  to  IJ-inch  core,  a  f-im-li 
to  ^-inch  ri>d  will  do  the  work. 
This  proportion  between  core 
and  rod  should  be  used  in  ram- 
ming cores  so  as  to  avoid  the 
formation  of  joints  and  to  have 
the  layers  thoroughly  united. 
Where  cores  of  the  smaller  sizes 
are  to  be  placed  horizontally  in 
molds,  or  are  to  stand  rough 
usage  when  placed  in  a  vertical 
position,    rods  as   shown  at  ^, 


e  dried, 
» large  as  to  nearly 
inooth  surface  to  a 
ve  layers  of 


nail  rod  were  used,  the  ad- 
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number  of  s 


5  placed  i 
all  cor 


them.  As  a  rule,  there  are  a  greater 
>  used  without  rods  than  with  iheni. 
17.  In  making  rodless  round  cores,  care  must  be  taken 
to  prevent  their  breaking  when  placing  them  on  plates 
for  drying.  A  smooth,  straight  plate,  as  shown  at  a  in 
Fig.  11,  is  necessary  for  this  purpose.  In  placing  the  core 
on  the  plate,  the  operator  carefully  turns  over  the  half  of 
the  core  box  containing  the  core,  as  shown  in  Fig.  11  ('/), 
until  the  core  rests  on  the 
plate;  he  then  lifts  the  core  boi 
.  off,  as  shown  in  Fig.  11  (*),  and 
nally,  with  the  edge  of  the 
core  box,  rolls  the  corecarefnily 
^'°-  "■  toward  the  edge  of  the  plalc,  as 

shown  in  Fig.  11  (c).  If  one  end  of  the  core  is  tapering, 
it  should  have  a  little  sand  placed  under  it,  as  shown  at  n. 
Fig.   13,   to  prevent  the  core  from  sagging  out  of  form 
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Sometimes  the  core  plate  a.  Fig.  11,  is  madi;  with  grooves 
that  just  fit  the  core.  This  givts  a  good  support  to  the  core 
anti  removes  the  danger  of  the  under  side  becoming  fiat 
during  baking. 


UVBKB  FOR  UKVINt;  »MALI.  COHt:H. 

18.  When  a  plate  has  been  filled  with  cores,  it  should 
be  put  into  the  oven  as  soon  as  convenient,  since  leaving 
cores  exposed  to  the  air  dries  them  so  slowly  as  to  make 
them  brittle  and  weak.  Ovens  for  drying  small  cores  should 
be  made  as  convenient  as  possible  and  arranged  so  that  the 
heat  can  be  regulated  in  such  a  way  as  not  to  burn  the  cores. 
A  convenient  oven,  constructed  of  cast-iron  plates  bolted 
together,  is  shown  in  Pig.  13.  The  fireplace,  as  shown,  is 
under  the  oven  and  the  chimney  nt  the  farther  end,  so  that 
the  heat  will  be  as  uniform  as  practicable  in  all  parts  of  the 
oven. 


MAKINC  SMALL.  COHGS   IN  FORMKRS. 


19.  In  making  ( 
rir  that  would  sag  t 
often     desirable     to 


s  thai  cannot  rest  r 
of  shape  if  made 


straight  plates, 


make 


the 


halves,    as,    fur   cX' 

ample,     the     t  w  c 

halves  «,  in  Fig.  14, 

which,  if  pasted  together,  would  appea 

example  of  s  hollow  core  that  can  be 

one  piece. 

20.     The  plain,  round  core  seen  at  , 
tration    of  such  cores  when   made   in 


',  Fig.  16.  is  an  ilhis- 
one  piece.  To  dry 
such  a  core  so  that 
it  will  ntit  sag  out 
of  shape,  a  former, 
such  as  that  shown 
at/.  Fig,  1.").  is  made 
of  cast  iron,  as  liyht 
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as  practicable ;  this  is  placed  over  the  core  q^  and  the  whole 
is  roiled  over,  leaving  the  core  ready  for  the  oven.     In  many 
cases,  instead  of  turning  the  core  into  a  former,  the  former 
constitutes  half  of  the  core  box,  and  is  so  arranged  that, 
when  the  core  is  rammed,  but  one-half  of  the  box,  as  the 
part  a,  requires  removing.     This  plan  saves  labor,  and,  be- 
sides, it  gives  cores  free  of  joints,  which  is  very  desirable,  not 
only  in  small  cores,  but  also  in  large  ones.     Where  there  \% 
any  liability  of  the  sand  sticking  to  the  iron  formers,  oil  can 
be  rubbed  lightly  over  their  surfaces,  and  in  some  cases, 
parting  sand  can  be  sprinkled  over  the  oiled  surface.     This 
latter  plan  is  generally  followed  when  making  large  cores 
in  formers. 


PASTING  CORB8. 

21.  By  pastingr  is  meant  the  taking  of  two  halves, 
as  «,   Fig.  14,  and  placing  some  material  on  the  surfaces 
that  meet  that  will  cause  them  to  stick  when  put  togethe  t, 
as  at  ^,  so  that  they  can  be  handled  and  placed  in  the  moW 
without  separating.     The  material  generally  used  for  pa^** 
ing  is  wheat  flour  wet  with  water  or  beer  to  form  a  smooth 
uniform  paste.      White-wheat  flour  forms  the  most  sticl^J 
paste,  but  for  cores  that  are  not  to  be  handled  roughly,    ^ 
paste  made  from  graham  flour  or  buckwheat  flour  is  often 
more  desirable,  since  it  can  be  handled  more  quickly  ano 
put  on  more  evenly  on  account  of  its  not  being  as  sticky 
as  a  white-wheat  flour  paste.    Molders  sometimes  call  grahani 
flour  or  buckwheat  flour  meal.      It  is  well  to  apply  the  paste 
while  the  cores  are  hot,  as  they  stick  better  in  that  cas€ 
than  if  pasted  cold. 

22.  In  pasting  joints  that  have  vent  creases,  care  must 
be  taken  to  keep  the  paste  out  of  the  creases,  and  there  are 
many  cases,  especially  with  crooked  creases,  where  neglect 
of  this  precaution  has  caused  bad  castings.  In  some  cases, 
it  is  well  to  lay  a  rod  or  string  in  the  vent,  and  when  the 
core  is  joined  to  pull  out  whatever  was  used,  thus  insuring 
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a  clear  passage.  Cores  shoiiM  never  he  pasted  unless  the 
two  halves  come  closely  together  all  over  the  joint  surface. 
In  the  case  of  meditim  and  large  cores,  it  may  be  necessary 
to  rub  the  halves  together  to  grind  down  the  irregularities 
before  a  light  joint  can  be  had;  and  often,  where  the  cores 
are  very  uneven  or  crooked  at  their  joint,  the  high  places 
can  be  filed  down  before  the  halves  are  rubbed  together  to 
bring  them  down  to  a  solid  bearing.  After  rubbing  the 
joints,  the  dust  created  should  be  brushed  off,  for  if  left  on 
it  prevents  the  paste  from  sticking  to  the  surfaces. 


;  JOINTS. 

23>  After  the  cores  are  pasted,  it  is  often  necessary  to 
fill  in  the  joints  to  make  the  core  as  sound  as  if  it  was  one 
piece.  To  do  this,  take  dry  or  stiflf  blackening  mixed  with 
equal  parts  of  fine  parting  sand  and  wetted  with  clay  wash, 
and  after  wetting  the  edge  of  the  joint  with  a  small  brush 
dipped  in  thin  blackening,  rub  in  the  daubing  and  sleek  it 
off  even  with  the  body  of  the  core.  When  this  has  stiffened 
a  little,  blacken  over  the  line  of  the  joint  with  thin  blacken- 
ing. In  some  cases  the  same  sand  nsed  for  making  the  core, 
if  sifted  fine  and  wetted  tn  a  mud,  will  answer  for  danbing. 
It  is  chiefly  with  medium  and  large  cores  that  daubing  mix- 
tures are  necessary,  as  small  cores  should  come  together  so 
closely  and  be  so  nearly  unbroken  at  the  edges  of  the  joints 
that  a  little  wet  blackening,  applied  with  a  brush,  will  close 
them  up. 


BLACKRNING  CORKS. 

24.  When  castings  exceed  J  inch  in  thickness,  they  gen- 
erally require,  with  most  sands,  to  he  blackened  in  order 
to  peel  smoothly.  Fig.  Xfi  shows  the  method  of  blackening 
round  cores  that  are  dried  on  a  plate.  About  one-third  of 
the  core  is  blackened  at  a  tiine.  If  the  cores  are  warm, 
they  can  li«  completed  before  being  set  back  into  the  oven, 
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but  shmilii  tliey  lack  siiffirienl  warmth  lo  dry  themselves 
when  oiie-lhird  is  biackened.  ihey  will  have  to  be  set  hack 
to  he  dried,  and  then  the  other 
two. thirds  can  be  completed. 
In  sonic  cases,  cores  may  be 
dipped  in  blackening,  as  is 
shown  in  Fig,  17.  With  an)- 
method  of  blackening,  the 
cores  should  not  be  liollef 
ilian  the  band  can  hold  com- 
f'>riably.  If  ibey  arc  tociirdJ, 
the  blackening  will  wash  the 
vir..  1(1  s;uid    and    make    the   surface 

rough,  and  if  they  are  too  hot.  the  heal  will  blister  the 
blackening  and  cause  a  rough  surface  that  may  waifl  nft 
when  the  iron  fills  the  mold.  In  using  a  brush  or  s»at 
to  blacken  cures,  one  should  never  rub  the  surface  vilhout 
having  plenty  of  blackening  on   the  brush,   as  rubbing 


partly  moistened  brush  on  a  core  will  give  a  rough  surhft^ 
and  may.  by  not  thoroughly  incorporating  ihe  bUckctrinE 
with  the  body  of  the  core,  cause  it  to  peel  off  when  rtie  iT*y 


is? 
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2S.  The  colder  the  core  is  the  thicker  can  the  blacken- 
ing be  usiid  on  it,  but  in  no  case  should  it  be  so  thick  that  it 
will  not  run  smoothly  in  following  the  brush  or  swab,  and  it 
should  not  be  ao  thin  that  the  sand  can  be  seen  throHgU  it. 
Sometimes  cores  may  be  blackened  with  a  brush  or  swab 
before  being  placed  in  the  oven  to  dry.  In  blackening 
green-sand  cores,  they  may  be  finished  with  one  coat;  but 
where  they  are  to  be  used  in  heavy  molds,  it  is  best  to  apply 
two  coats,  the  first  one  of  thin  blackening  and  the  second 
coat  as  thick  as  will  run  smoothly.  If  sufficient  thickness 
is  given  with  one  coat,  it  is  liable  to  tear  up  the  surface  at 
places  where  ihc  brush  or  swab  may  be  a  little  dry.  It  will 
take  a  thicker  coal  of  blackening  nn  green-sand  cores  than 
on  dry-sand  ones  to  give  a  good  surface  to  a  casting.  Where 
green-sand  cores  arc  blackened,  it  may  be  de^rable  to  sleek 
them  in  order  to  obtain  a  smooth  surface. 


RODDIHG  OR  BARRIKG  CORES. 

•26.  Rods  or  bars  are  used  to  strengthen  cores  so  that 
ihey  can  be  handled  or  used  in  a  mold  without  being  broken. 
There  are  three  plans 
followed:  Oneislou.se  [ 
single  or  loose  rods,  an- 
other to  have  the  rods  [ 
welded,    and   the   third 

.    ,  ^'°-  '*■ 

to  cast  frames  or  skele- 
tons. The  loose  rods  are  placed  singly  in  cores,  andteay  be 
straight,  as  the  rod  g  in  Fig.  10  or  the  rods  a  in  Fig.  18; 
if  in  greater  numbers,  they  are  placed  as  shown  in  Fig.  19, 
the  end  views  of  which  show  rodding  for  both  square  and 
round  cores. 

27.  In  making  large  cores,  provisions  must  be  made  for 
lifting  Ihem.  This  is  done  by  having  lifting  hooks  /,  as 
shown  in  Fig.  10.  Another  plan  is  shown  in  Fig.  20,  where 
a  cast-iron  frame  r  with  prickers  v  is  used.     Lifting  hooks  / 
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are  provided.     Vent  rods/  ai 
both  in  Fig.  19  and  Fig.  30. 


83T 
put  lengthwise  of  the  core, 


PIQ.   IB. 

Welded  core  rods  may  be  made  as  f 


wn  in  Pig.  21  (a), 


which  illustrates  rods  used  for  making  thin,  crooked  cores, 


OD-DO; 


such  as  the  cylinder-port  cores  of  the  cylinder  shown  in  Fif.  '■ 
111  arranging  stiffening  rods  in  cores,  provision  must  be  made 
to  leave  room  for  vent  rods,  in  ordi^r  to  lead  the  gases  irom 
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the  cores  to  cioder  beds  or  to  the  cavities  In  the  cores  them- 
ves.  When  setting  roils  in  cores,  they  should  be  bedded 
firmly  and  without  springing,  for  if  they  are  not,  they 
are  liable  to  crack  the  cores,  especially  those  of  light  weight. 
Often  when  long  rods  are  not  obtainable,  short  one.s  are 
spliced  together,  laying  them  as  shown  in  Fig.  IS.  When 
this  is  done,  care  should  be  taken  to  see  that  the  splice  is 
sufficiently  strong;  that  shown  in  Fig,  18,  while  better  than 
tmthing,  wovild  not  stand  much  handling.  One  of  the  two 
rods  shown  in  full  should  be  a  half  longer  than  the  other; 
or  another  rod  should  be  laid  alongside  of  them,  as  indi- 
cated by  the  dotted  lines.  The  size  of  rods  need  not  be 
more  than  sufficient  to  support  the  core  in  handling  and  in 
casting  the  mold. 

2S.  There  are  a  number  of  core  forms  where  the  rod- 
ding  can  be  dispensed  with  by  making  the  sand  mixture  of 
a  certain  nature  and  strength.  For  example,  cores  for  the 
ceiiier  plates  of  car  wheels  and  also  for  radiators  and  simi- 
lar work  are  often  made  without  rods  in  them.  The  mixture 
of  sand  suitable  for  such  cores  is  discussed  later  on. 


VENTING  CORKS. 

29.  The  more  completely  a  core  is  to  be  surrounded 
*iili  metal  when  the  mold  is  being  poured,  the  more  thor- 
•">gUly  should  it  be  vented  when  being  made,  and  an  op- 
portunity given  for  the  gas  to  escape  when  the  mold  is 
wing  poured.  In  making  a  large  core,  its  body  can  often  be 
filled  with  cinders;  this  not  only  saves  sand  and  drying,  but 
also  gives  freer  vent  lo  the  core. 

Venting  with  cinders  and  with  rods  are  the  methods  gen- 
ially followed  in  venting  cores. 

*J«asionally.  founders  have  crooked  or  thin  cores  that 
cannot  be  vented  by  the  common  methods  just  explained, 
"In  they  must  then   use  strings,   ropes,   or   cross-rods  so 
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ROODING,  RAMMIKG,  AND  VBNTINf!   A   CROOKRO   CORE. 

30.  In  Fig.  22  a  side  and  end  view  of  a  cylinder  pori- 
core  box  is  shown.  To  rod  this  core,  the  general  practice  is 
to  use  a  welded  frame,  as  shown  in  Fig.  21  («),  or  louse  «<ds 
placed  together,  as  shown  in  Fig.  21  (6).  In  making  such 
cores,  the  core  box  is  screwed  or  clamped  together,  and  is 
then  filled   with   sand  to  the  height  of  the  center  ^  (see 


^    J 

infe^ 

r««,;rr 

^____._..____.J 

•    O 

•    O    •   0  •( 

-.    ---.--.1 

section  through  rt  d  in  Fig.  22),     This  done,  the  rods  5.  i, 
7,  S,   and  9  are    pressed    into  place,  and    vent  rods  li  are 
placed  at  the  level  of  ^.      When  vent  rods  cannot  be  used,  a 
string  shown  by  the  dotted  line  r  may  be  placed  in  the  care 
box,  having  one  end  projecting  from  the  box.    The  partially 
completed  core  is  now  rammed  with  sand  to  the  height  of 
the  rod  S,  and  this  rod  having  been  set  in,   more  sand   is 
rammed  to  the  height  of  the  vent  hole/.      The  vent  rod  or 
string  is  then  placed  in  position,  and  sand  is  rammed ')v«' 
it  to  the  height  of  the  rod  1.      After  the  rod   1  has  liec" 
located,  sand  is  rammed  to  the  top  of  the  box  and  theiO'" 
face  I  is  sleeked  off,  after  which  the  box  is  turned  uprni  •'* 
side  and  the  unvented  and  unrodded  sand  dug  out  to  nea' 
the  level  of  the  vent^.    This  done,  sand  is  rammed  in  V'Toai" 
a  solid  bearing  for  rod  3,  and  the  same  process  in  phciof 
vents  and  rods  is  continued  until  the  top  _/  of  the  bdi  i* 
reached.     When  this  is  sleeked  off,  the  vent  rods  or 
as  the  case  may  be,  are  pulled  out  of  the  core. 
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31.  By  noting  the  jiositioii  uf  the  cross-rods  .1,  (!,  7,  S, 
and  9  in  the  core,  it  will  be  seen  that  a  string  or  rupe  having 
the  position  shown  by  the  dotted  line  c  cannot,  in  being 
pulled  out  of  the  core,  cut  away  the  sand  at  such  points  as  i: 
and  /,  and  so  bring  the  vent  up  against  the  face  of  the  core 
box  at  these  points.  When  vent  rods  are  used  in  the  place 
o£  strings,  there  should  be  a  connection  made  between  the 
vent  holes  left  by  the  rods  i/',  li'.  and  d.  In  order  to  make  this 
connection,  grooves  may  be  cut  into  the  core  at  m  and  r, 
and  a  string  covered  with  beeswax  passed  through  the  vent 
holes  and  grooves,  or  recesses,  after  which  the  grooves  are 
filled  up  again  with  daubing  or  core  sand.  The  openings 
at  g.  r,  p,  and  o  having  been  closed,  the  core  is  dried,  either 
in  an  oven  or  by  holding  hot  irons  over  the  places  just  filled 
lip.  After  the  core  is  dried,  the  strings  are  pulled  out, 
which  can  be  done  easily  on  account  of  the  beeswax  after 
melting  leaving  the  hole  larger  than  the  string  itself.  A 
continuous  vent  is  thus  placed  through  the  core. 

32.  To  handle  such  a  core  for  drying  (after  the  top  part 
of  the  core  box  is  removed  and  the  core  is  finished),  a  former 
may  be  placed  on  the  core.  Another  way  is  to  set  the  core 
into  a  wooden  box  or  frame  j,  as  shown  by  the  dotted  lines 
in  Fig.  23,  and  to  fill  in  the  whole  space  around  and  above 
the  core  to  the  lop  level  of  /  with  green  or  common  heap 
sand,  rammed  carefully  so  as  not  to  break  the  core.  After 
the  frame  has  been  filled,  a  plate  is  set  on  and  clamped  to 
the  bottom  board  t,  and  then  the  whole  box  is  rolled  over. 
This  done,  the  frame  s  is  drawn  off  and  the  loose  sand  re- 
moved from  the  top  and  around  the  side  u  of  the  box,  after 
which  the  core  box  is  drawn,  the  core  finished,  and  the  whole 
set  into  the  oven.  Many  difficult  or  crooked  cores  can  be 
made  in  a  similar  manner. 


KiNua  OP  SAND  usen  ik  making  cores. 

33.  The  suitability  of  a  core  for  any  special  line  of 
work  depends  largely  on  the  nature  of  the  sand  used  and 
the   binder   mixed   with    it.      Nearly  all    cores  require  that 
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something  be  mixed  with  the  sand  that  will  cause  them  to 
be  firm  and  hard  when  dried.    There  are  two  classes  of  sand 
used  in  making  core  mixtures.     One  is  called  sliarp  sand 
and  the  other  molding  sand.     Small  cores,  as  a  rule,  re- 
quire the  finest  grades  of  sand,  while  large  cores  are  made 
from  coarse  grades.     The  sands  generally  used  for  making 
small  cores  consist  of  fine  grades  of  lake  or  seashore  sands, 
river   and    bank   sand,    and    also   fire-sand   or   silica  sand. 
Sometimes   these   different   grades   of   sharp   sand  will  be 
mixed  in  varying  proportions  with  fine  grades  of  molding 
sand;  and,  again,  there  are  some  small  cores  that  maybe 
made  wholly  of  molding  sand.     Bank  sands  are,  as  a  rule,  in- 
ferior to  the  other  grades  of  sharp  sand  mentioned  above; 
still,  there  are  cores  in  which  bank  sand,  mixed  with  molding 
sand  or  alone,  can  be  used.     Bank  sand  should  not  be  used 
for  making  such  a  core  as  that  shown  in  Fig.  22. 


BINDERS  USBD  IN  CORE-SAND  MIXTURES. 

34.     The  binders  chiefly  used  to  give  strength  to  coi 
mixtures  are  wheat  flour,  rye  flour,  rosin,  glue  water,  glutros 
and  linseed  oil.     Aside  from  these,  there  are  several  patec^-^ 
core  compounds  on  the  market,  which  are  used  for  intricate    ^ 
cores  that  are  difficult  to  vent.     Some  founders  mix  ceraei 
with  the  sand  used  in  cores  as  a  binder.     Flour  is  the  mos 
common  of  all  the  binders,  and  is  mixed  with  sands  accorc 
ing  to  their  character  in  the  proportions  of  from  1  partcr:^^ 
flour  to  20  parts  of  sand  up  to  a  proportion  of  1  part  t  ^' 
8  parts.    Cores  made  with  flour  swell  and  crack  while  dryia  ^ 
more  than  those  made  with  other  binders;  it  is  also  the  wor^^ 
binder  in  use  to  create  stifling  gases  when  the  molds  are  beirm^ 
cast.     Some  molders  in  using  flour  boil  it  with  water  in    ^ 
kettle  to  make  a  thin  paste,  which  is  mixed  again  with  water 
to  make  a  thin  solution  for  wetting  the  sand.     If  all  the  water 
that  the  sand  required  could   be  boiled  with  the  flour,  the 
result   would    be    more  satisfactory.      Where   the  cores  arc 
required  to  be  especially  strong  and  are  difficult  to  vent,  it 
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is  much  better  to  mix  the  sand  with  the  boiled  flour.  On 
account  of  the  expansive  tendencies  of  the  flour  when  being 
dried,  care  must  be  taltcn  not  to  make  the  sand  any  damper 
than  IS  necessary  to  keep  it  in  solid  form.  Some  niolders  use 
rye  flour  in  preference  to  wheat  Hour,  as  it  swells  and  tracks 
ihe  cores  less  than  does  wheat  flour. 


35.  Some  founders  use  rosin  altogether  in  their  cores, 
while  others  will  mix  flour  and  rosin  together  in  varying 
proportions,  according  to  changes  in  the  character  of  their 
cores.  Rosin  is  largely  used  for  small  tliin  cores,  which  need 
not  be  blackened  when  so  made,  thereby  saving  time  and 
labor.  Rosin  tends  to  preserve  the  sharp  corners  of  cores 
better  than  most  binders.  A  feature  of  rosin  cores  is  that 
they  cannot  be  handled  hot,  since  the  rosin  keeps  the 
mixture  in  a  soft  state  until  the  dried  cores  are  cold.  In 
using  rosin,  one  is  confined  to  special  sands  more  than  with 
flour.  In  making  small  cores  with  rosin  mixtures,  molding 
and  bank  sands  often  work  well  together,  and  sometimes 
they  may  be  made  by  using  molding  sand  alone,  provided 
the  mixture  does  not  bake  so  hard  that  the  gases  cannot 
escape  with  freedom.  In  the  cases  where  it  is  desirable  to 
save  labor,  venting  can  often  be  rendered  unnecessary  by 
mixing  the  rosin  with  bank  sand. 

30.  In  the  cases  where  the  cores  are  especially  hard  to 
vent,  rosin  is  an  excellent  binder,  as  its  gases  escape  and 
ignite  very  freely;  another  advantage  of  rosin-bound  cores 
is  their  ability  to  withstand  the  dampness  of  green-sand 
molds  for  long  periods  without  absorbing  moisture. 

In  using  rosin,  if  it  comes  in  lumps,  it  must  be  pulverized 
to  a  fine  powder,  and  this  may  be  done  in  an  iron  mortar, 
after  which  it  is  passed  through  a  fine  sieve.  The  propor- 
tion in  which  to  mix  it  with  sand  depends  on  the  character 
of  the  sand    and    that  of  the  cores  to  bs  made.     For  the 
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general  run  of  new  sands,  1  part  of  rosin  to  15  parts  of  sand 
should  make  good  cores  for  ordinary  castings.  If  very 
strong  cores  are  desired,  a  larger  percentage  of  rosin  may 
be  used,  and  such  cores  can  be  further  strengthened  by  wet- 
ting them  with  molasses  in  place  of  clear  water.  A  point 
that  should  be  borne  in  mind  while  making  strong  cores  is 
that  the  stronger  the  core,  the  more  difficult  it  will  be  for 
its  gas  to  escape.  It  may  often  be  advisable  to  mix  a  small 
quantity  of  flour  with  the  rosin.  In  the  case  of  small  cores^ 
it  must  be  remembered  that  if  too  much  flour  is  used  witii 
the  rosin,  it  may  be  necessary  to  blacken  the  cores. 

37.     It  is  often  very  desirable  to  have  the  surfaces  of 
cores  firm  and  hard,  while  the  interior  is  of  an  open  charac- 
ter.    This  provides  for  a  smooth  surface  on  a  casting  and 
at  the  same  time  gives  freedom  for  the  gases  to  escape.    Ira 
such  a  case,  the  more  open   the  sand  and  the  less  flour  or 
rosin  is  used,  the  better  it  is.     To  assist  in  procuring  firm- 
ness on  the  surface  of  cores,  they  may  be  sprinkled  with 
beer  or  molasses  water  before  being  placed  in  the  oven;  and 
when  there,  the  quicker  they  are  dried,  the  better,  provided 
that  the  heat  is  not  sufficient  at  the  start  to  blister  and 
crack  them. 


GLUTROSB  AS  A   BINDER. 

38.     There  are  several  features  about  flour  and  rosin  that 
arc  not  satisfactory,  and  much  experimenting  has  been  done 
in  the  past  few  years  to  discover  binders  better  adapted  to 
suit  the  varying  conditions  in  making  cores.      A  number  of 
founders  have  tried  to  replace  flour  or  rosin  with  a  compound 
sold  under  the  name  of  ghitrose,  or  they  mix  the  three  in 
varying  proportions.    Ghitrose  used  alone  works  well  in  cores 
designed  to  crush  easily  and  allow  freedom  for  contraction 
when  the  casting  is  cooling,  and  it  is  an  excellent  material 
for  permitting  the  escape  of  gases;  in  fact,  it  greatly  sur- 
passes flour  in  the  making  of  castings  having  cores  that  arc 
difficult  to  vent. 
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GLUU   WATBH   AKI>  I.INSEEU  OIL    AS   UIKDERS. 

39.  A  lliiti  solution  of  glue  with  water  for  use  as  a 
binder  is  applied  in  the  same  manner  as  water  for  wetting 
ihc  sand,  and  makes  a  firm  core  that  is  hard  when  hot  as 
well  as  when  cold.  No  more  of  the  solution  should  be  used 
than  is  sufficient  to  make  the  core  hard  enough  to  handle. 
It  is  an  excellent  binder  in  giving  freedom  for  venting,  and 
there  is  probably  less  gas  generated  by  its  use  than  by  that 
of  any  other  binder. 

In  some  cases  raw  linseed  oil  is  used  for  making  delicate 
and  difficult  cores.  It  makes  a  very  strong  core  and  one 
that  the  dampness  of  green-sand  molds  cannot  readily  affect ; 
this  makes  it  a  good  binder  for  intricate,  thin  cores  that  are 
liable  to  be  confined  in  a  damp  mold  for  several  days  before 
casting.  Raw  linseed  oil  is  sometimes  mixed  in  equal  parts 
with  a  solution  made  by  adding  lo  benzine  all  the  rosin  it 
can  dissolve.  Cores  made  with  this  combination  require 
baking  with  a  hot  fire,  and,  like  the  former,  they  will  vent 
freely  and  are  proof  against  dampness  even  when  left  stand- 
ing for  a  long  time  in  green  molds. 

40.  No  matter  how  much  one  may  be  experienced  in 
founding,  he  will  find  that  on  starting  to  use  any  of  the 
binders  mentioned,  he  will  have  to  do  some  experimenting 
before  he  can  get  the  best  results. 


LIDdUB  USEn  IN   WETTING  CORK  SAKDS. 

41.  Some  core  makers  use  clean  water,  while  others 
make  a  practice  of  using  actay  wash  of  varying  consistency 
to  strengthen  the  sands.  The  more  the  water  is  thickened 
with  clay,  the  greater  is  its  value  as  a  binder.  In  some 
shops  using  intricate  cores,  the  men  will  wet  the  sand  en- 
tirely with  beer,  glue  water,  or  water  sweetened  highly  with 
molasses.  As  a  rule,  wetting  the  sand  in  this  way  in  place 
of  with  water  should  lessen  the  percentage  of  binding  mate- 
rial required  in  the  sand. 

5.  yol.  IV.— 14. 
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CORE.8AND    MIXTURES. 

42.     Receipts  for  mixtures  of  core  sand  cannot  be  given 
satisfactorily,  for  the  reason  that  there  are  few  localities  that 
have  the  same  kinds  of  sand,  or  that  have  the  same  conditions 
to  meet  in  making  cores.     For  this  reason,  in  the  foregoing 
discussion,  experience  is  presented  as  fully  as  possible,  so 
that  one  may,  with  fair  judgment  and  a  few  trials,  establish 
his  own  receipts  for  core  mixtures.     In  order  to  help  the 
beginner  in  experimenting,  a  few  receipts  that  have  been 
successfully  used  in  making  small  and  large  cores  are  given 
below.     Where  cores  are  handled  roughly,  they  should  con- 
tain a  greater  percentage  of  the  binder  used  than  where  they 
are  handled  carefully,  and  the  efficiency  of  binders  can  be 
regulated  by  the  nature  of  the  liquid  used  to  wet  the  sand. 


RBCBIPTS  FOR  CORB-SAND  MIXTURES. 

43.  Before  giving  tjie  following  receipts,  it  will  be  well 
to  state  that  where  cores  are  dried  while  on  their  sides  and 
do  not  exceed  5  inches  in  height,  the  sand  mixtures  can 
often  be  largely  composed  of  sharp  sands.  Where  the  cores 
stand  high,  or  have  a  poor  bearing  when  drying,  this  does 
not  apply.  Where  the  cores  stand  high,  so  that  the  weight 
of  the  top  may  distort  the  bottom  if  it  is  not  well  supported, 
then  the  mixtures  must  contain  more  or  less  of  molding  or 
loamy  sands  and  must  be  better  rodded.  These  arccardinal 
principles,  no  matter  what  other  conditions  may  exist. 

44.  The  following  receipts  are  presented.  Where  sea- 
shore or  lake  sand  is  obtainable,  mix  sand  for  large  cores 
by  receipt  No.  1 ;  but  cores  thus  made  must  be  well  rammed 
and  rodded,  especially  if  they  are  to  stand  very  high  in  the 
mold.  For  ordinary  cores,  receipt  No.  2  may  l>e  used. 
Receipt  No.  o  makes  a  good  mixture  for  small  cores.  Thisis 
intended  to  be  wetted  with  molasses  water  in  the  proportion 
of  k  to  1  pint  of  molasses  to  a  pail  of  water.  Receipt  N<>. -^'^ 
one  that  can  be  used  with  glut  rose,  rosin,  or  flour  as  2 
binder,  and  makes  excellent  cores   where  thev  are  not  ^ 
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high  as  to  sag  with  their  own  weight  while  green  and  befoie 
being  dried.  The  sharp  sands  mentioned  in  the  following 
receipts  include  seashore,  lake,  bank,  and  crushed  sands. 

45.  Receipt  No.  1. — Mix  3  parts  of  sharp  sand  with 
1  part  of  molding  sand.  For  a  binder,  use  1  part  of  flour  to 
14  parts  of  sand.     Wet  with  clay  wash. 

Ueceipt  No.  2 — Mix  3  parts  of  sharp  sand  with  1  part 
of  molding  sand.  For  a  binder,  use  1  part  of  flour  to  from 
13  to  18  parts  of  sand.  Wet  with  water  or  clay  wash,  as 
may  be  desired,  in  order  to  obtain  strength. 

Receipt  No.  3. — Mix  3  parts  of  molding  sand  with  1  part 
of  sharp  sand,  and  for  a  binder,  use  1  part  of  flour  or  of 
rosin  to  14  parts  of  sand,  or  use  a  binder  composed  of  equal 
parts  of  flour  and  rosin,  using  1  part  of  this  to  14  parts  of 
sand.      Wet  with  molasses  water  or  beer. 

Receipt  No.  4. — Mix  1  part  of  bank  sand  with  ;i  parts  of 
fine  lake  or  crushed  silica  sand.  For  a  binder,  use  a  mixture 
of  1  part  of  rosin  to  25  parts  of  sand,  1  part  of  flour  to 
25  parts  of  sand,  and  1  part  of  glutrose  to  30  parts  of  sand. 
Wet  with  clean  water. 

Many  molders  prefer  to  reduce  slightly  the  flour  in  the 
above  receipts  and  to  add  1  part  of  sea  coal  to  14  parts  of 
sand,  especially  for  heavy  castings. 

46.  In  the  last  receipt,  the  rosin  and  flour  may  be  left 
out,  if  desired;  but  if  glutrose  only  is  used,  the  quantity 
given  must  be  doubled.  Some  founders  are  now  making 
mixtures  composed  wholly  of  glutrose  and  sharp  sand  for 
cores  that  can  stand  up  without  requiring  strong  sands  in 
the  green  form.  When  nothing  but  glutrose  is  used,  receipt 
No.  4  makes  cores  that  are  exceptionally  strong  when  dry, 
much  more  so  than  any  made  wholly  with  flour  or  rosin  for 
a  binder;  besides,  cores  made  of  this  mixture  part  very 
readily  from  the  castings,  as  the  sand  when  burned  becomes 
loose  instead  of  baking  to  a  solid,  as  is  the  case  when  flour 
is  used. 


BLACKENING   MIXTURES. 

l-TILITY   OF  BI.ACKKNING   MIXTUHKS. 

47.  In  order  to  peel  any  part  or  tlic  whole  of  a  casting 
formed  in  a  body  of  dry  sand,  the  sand  must  be  blackened 
when  the  castings  exceed  i  to  ^  inch  in  thickness.  If  this 
is  iioi  done,  the  metal  will  fuse  the  sand  forming  the  face  of 
the  mold  and  cause  a  scale  or  covering  on  the  surface  of  the 
casting.  This  may  be  ^  to  ^  inch  thick  on  massive  castings. 
In  coating  the  face  of  dried  cores  or  molds,  the  greater  heat- 
resistinff  power  the  blackening  has  the  better  will  the  cast- 
ing peel. 

Mixmo  lll.A(;KBI>ilKG8. 

48.  In  order  to  mix  blackenings,  some  liquid  is  neces- 
sary to  bring  them  to  a  fluid  slate.  The  mixture  may  range 
in  consistency  or  body  from  that  which  will  merely  discolor 
up  to  that  of  paints.  The  liquids  used  for  thinning  dry 
blackenings  are  generally  called  'wastavH,  and  arc  clear 
water,  clay  wash,  diluted  molasses,  glue  water,  and  beer 
(which  may  be  sweet  or  sour).  Where  the  blackenings  are 
ground  with  clay  when  being  made,  they  may  serve  for 
castings  of  medium  or  light  weight  by  being  wetted  with 
Clearwater.  Where  castings  are  of  heavy  proportions,  clear 
water  will  rarely  answer,  and  either  clay  wash,  molasses 
water,  or  beer  will  be  required.  Usually  undiluted  beer 
is  used,  but  in  some  cases  clay  may  be  added  to  form  a 
beer  clay  wash.  This  makes  a  strong  blackening,  but  it 
should  be  used  with  caution,  as  too  much  clay  in  the  black- 
ening retards  venting.  When  blackening  dries  on  a  mold, 
forming  a  close,  dense  surface,  it  may  cause  blackening 
sciihs  by  confining  the  gases  that,  in  an  effort  to  come  to 
the  face  of  the  mold  and  passing  through  the  iron,  will  blow 
off  the  coat  of  blackening.  There  is  such  a  difference  in 
the  character  of  dry  blackenings  that  a  wash  that  will  work 
well  with  one  may  not  do  so  with  another. 
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In  using  the  different  washes,  none  demands  greater 
caution  than  diluted  molasses,  for  if  too  much  is  used  it  will 
cause  the  blackenings  to  crack  and  flake  off  from  the  face 
of  the  mold.  It  may  also  cause  a  casting  to  look  veined 
and  streaked,  after  the  manner  of  the  seams  formed  on 
green-sand  castings  by  using  too  strong  or  ill-mixed  sea- 
coal  facings.  A  half  pint  of  molasses  of  ordinary  strength, 
diluted  with  a  pail  of  water,  is  about  as  strong  as  these 
washes  should  be  made. 

49.     When  mixing  blackenings,  it  is  best  to  bring  them 
to  a  paste  before  adding  a  sufficient  amount  of  the  wash 
to  reduce  them  to  the  right  thickness  for  application  to  the 
core  or  mold.     The  finer  the  blackening  is  ground,  the  bet- 
ter mixture  will  it  make,  and  if  the  quality  of  the  blacken- 
ing ir-good,  it  will  not  foam  or  settle  as  sediment  to  the 
bottom  of  the  mixture,  but  it  will  grow   thicker  in  time. 
Where  the  blackening  is  light  and  floats  on  the  top  of  the 
wash  while  being  mixed,  it  is  evidence  that  it  is  of  an  in- 
ferior quality,  and  should  not  be  used  on  work  dcmandiny^a 
good  grade  of  blackening;  again,  should  a  blackening  be  so 
heavy  as  to  sink  to  the  bottom  in  such  a  manner  as  to  leave 
the  wash  separated  on  the  top,  it  should  also  be  rejected. 
There  is  little  difficulty  in  mixing  blackenings  to  peel  cast- 
ings of  ordinary  thickness,  but  in  massive,  heavily  propor- 
tioned castings,  too  much  care  cannot  be  exercised.      For 
massive  work  it  is  a  good  plan   to    use    fully   one-third  of 
plumbago  mixed  with   two-thirds  of  Lehigh  coal,  coke,  or 
good  grades  of  prepared  blackening,  and  then  wet  the  mix- 
ture with  molasses  water    having    in    it    a    small  (juantity 
of  fireclay  or    beer.      After  this    has    been  applied    to    the. 
mold  and  roughly  sleeked,  it  helps  the  blackening  in  peel- 
ing the  casting  to  go  over  it  with  a  thin  mixture  of  phim- 
D^go  that  has   been  wetted  with  molasses  water  or   beer. 
In  some  cases  after  this  solution  has  been  applied,  it  works 
^ell  to  dust  on  some  silver  lead  out  of  a  bag  or  by  hand 
while  the  face  of  the  mold  is  damp,  and  then  to  go  over  the 
surface  with  finishing  tools.      This  treatment  of  molds  has 
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caused  the  sand  to  peei  perfectly  from  the  face  of  massive 
castings,  such  as  cannon  and  rolls. 

50.  It  is  best,  when  practicable,  to  have  all  blackenings 
mixed  a  day  or  two  before  being  used,  and  in  taking  them 
from  the  barrel  nr  tub  in  which  they  have  been  mixed,  to 
pass  them  through  a  sieve  several  times  before  they  are 
applied  to  the  mold  ur  core. 

Formerly  every  founder  had  his  own  secret  mixture  for 
making  blackenings,  but  now  facing  manufacturers  are 
making  blackenings  especially  adapted  to  the  various  thick- 
nesses and  character  of  castings,  and  hence  there  should  be 
no  difficulty  experienced  by  founders  in  mixing  blackenings. 


DRY-SAXD  AXD  LOAM    WORK. 

METHODS  INVOI^VED. 

51.  Many  of  the  processes  used  in  green-sand  molding 
are  applicable  to  dry-sand  work  and  also  to  loam  molding. 
For  example,  it  is  necessary  to  properly  handle  the  shovels, 
riddles,  and  rammers  to  avoid  swells  and  scabs  in  dry -sand 
work,  just  as  must  be  done  with  green  sand.  The  methods 
of  venting  arc  about  the  same  for  each,  as  are  also  those 
for  making  joints,  setting  gaggers  and  chaplets,  using  finish- 
ing tools,  clamping,  weighting  down  molds,  and  making 
cores.  The  additional  information  required  for  successful 
dry -sand  molding  is  given  below. 


niFFRRENCE  IX   TREATIUENT  OF    GBBEK-  AXU  DRV-SAXD 
MOI.US. 

52.  In  green-sand  work,  wooden  flasks  m.iy  be  used, 
whereas  with  dry  sand  it  is  necessary  to  use  iron  fiasks. 
This  is  on  account  of  the  molds  being  thoroughly  dried  by 
placing  them  in  ovens  having  a  temperature  of  from  300° 
to  400°  F. 

The  sand  which  is  required  for  dried  molds  must  be  of 
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a  more  loamy  nature  than  is  permissilile  for  grecii-sand 
work.  This  is  due  to  the  necessity  of  baking  the  sand  until 
it  forms  a  solid  body  in  the  dried  molds.  Most  of  the  sand 
used  for  green-sand  work,  if  thoroughly  dried  in  an  oven, 
would  crumble  to  a  dust  if  the  surface  were  broken  or  the 
mold  jarred  in  the  handling.  In  ramming  the  sand,  tho 
care  necessary  to  obtain  certain  degrees  of  hardness  is  not 
so  great  in  dried  molds  as  in  green  ones.  As  a  rule,  dried 
work  will  stand  much  harder  ramming  than  green-sand 
work.  While  this  is  true,  it  does  not  mean  that  one  can  be 
carelest;  in  ramming  the  bottom,  sides,  or  ci>pes  of  dried 
molds,  as  in  a  measure  they  require  similar  treatment  to 
grccn-sand  molds.  It  would  not  do  to  make  the  bottom  of 
dried  molds  having  flat  surfaces  as  hard  as  their  sides,  as 
this  might  cause  scabs  on  the  bottom.  The  sides  of  a  dried 
mold  may,  in  some  cases,  be  rammed  as  hard  as  a  stone  and 
have  little  or  no  venting,  provided  the  mold  is  thoroughly 
dried  and  the  sand  is  not  of  too  close  a  character.  Where 
sufficient  lime  cannot  be  given  to  thoroughly  dry  a  mold, 
open  grades  of  sand  should  be  used,  which  should  be 
rammed  more  lightly  and  vented  more  freely.  In  lightly 
rammed  dry-sand  molds,  care  is  necessary  to  ram  evenly  in 
the  same  manner  as  with  green  sand,  for  if  this  is  not  done, 
the  sides  may  be  strained  or  swollen. 

53.  Green  sand  requires  much  more  venting  than  dry 
sand.  This  is  due  to  there  being  no  dampness  in  thoroughly 
dried  molds  to  create  steam  when  the  mold  is  being  poured. 
Wherever  dampness  exists,  some  steam  must  find  relief  out- 
wardly from  the  face  of  the  mold,  and  trouble  in  the  way  of 
scabs  may  be  expected.  As  a  rule,  the  plain  sides  of  dry- 
sand  molds  for  castings  over  3  inches  thick  require  but 
little  venting. 

Where  there  are  large  bottom  surfaces  to  be  covered  with 
metal,  gooil  venting  is  necessary ;  this  is  also  true  of  corners 
and  projections.  Where  small  bodies  of  sand  have 
more  sides  covered  with  metal,  they  require  to  be  fairly  well 
vented,  either  before  the  pattern  is  <|j-awn  ur  afttT. 


FOUNDRY  WORK. 


831 


54.  The  difference  in  making  the  two  kinds  of  molds  is 
ill  the  finishing  and  in  the  dry-sand  molds  generally  requir- 
ing to  be  "rolled  over,"  due  to  the  necessity  for  placing 
them  in  ovens  for  drying.  The  fact  that  nearly  all  dry-sand 
molds  are  rolled  over  and  that  the  heat  of  the  oven  expels 
the  moisture  from  them  makes  them  less  difficult  to  mate, 
as  :i  rule,  than  green-sand  molds,  fn  some  cases,  castings 
that  can  be  made  in  either  form  of  mold  will  require  great 
skill  and  care  if  made  in  green  sand,  whereas  if  made  in  dry 
sand,  common  foundry  help  can  be  quickly  trained  to  make 
them. 


CONSTRUCTION  OP  FLABKB. 

55.    In  making  flasks  for  small  work,  the  nowel  and  cop^ 


are  cast,  generally,  e 


d 


2) 


+ 


sediiins  (or  the  cope  have  but 
side  piece,  while  those  of  the 
and  /  all  around  the  entire  sid( 


n  one  piece,  and  range  in  thickness 

:^^T— 1   f™""  i  '"^''  forilaslcs 

covering  a  groun<l 
area  of  about  1  square 
foot  up  to  \  inch  i  *^ 
thickness  for  thos.^ 
covering  3  sqiiar  «^ 
feet.  Figs.  23  an<i 
24  give  designs  fc>«" 
small  flasks  made  i«^ 
one  piece. 

Flasks    for  large"" 
work     are    generally 
made  in  sections  ai»<J 
bolted     together,    as 
shown    in     Fig.    26, 
Which  also  shows  two 
methods  of    making 
.  the   side   pieces  and 
bottom  plates.    The 
wo  flanges,  a  and  i,  on  a 
owel   have  flanges  c,  (/, '. 
nd  end  pieces  of  tlie flask 
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»es  and  nowels  do  not  always  have  the  flanges  placed  as 
wn   in  Fig.   25.     Where  the  flanges  extend  around  the 

DO 

\if lal 


Pig.  24. 


ire  flask,  the  flask  will  be  much  stronger  than  if  made  as 
wn  at  a  and  d. 
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»C  Flasks  always  require  handles  by  which  they  may  be 
-d.  These  are  made  differently  for  those  flasks  that  are 
>e  lifted  by  a  crane  from  those  that  will  be  lifted  by  hand. 
-ir  form  for  the  latter  purpose  is  shown  in  Fip^s.  2i?  and  2A. 
'  crane  work  the  handles  recjuire  to  l)e  much  stouter  and 
uld  be  made  in  the  form  seen  at  Z'  and  ^',  Fig.  25.     The 
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handle  y  is  called  a  trunnion,  and  permits  the  flasks  to  be 
quickly  rolled  over  when  hoisted  by  a  crane  sling.  At^'  is 
a  form  of  handle  that  may  consist  of  wrought-iron  pieces 
cast  in  the  flask,  or  it  may  be  of  cast  iron  made  with  the 
flask. 

57.  All  flasks  need  the  dowel-pins  //,  //  to  guide  the  cope 
and  nowel  into  place.     These  are  generally  from  ^  inch  to 
}  inch  in  their  largest  diameter,  and  are  fastened  on  the 
lower  flanges  with  bolts,  so  that  they  can  be  taken  off  when 
not  in  use.     The  bottom  platesy  and  k  are  bolted  on  after 
the  nowel  is  rammed  up.     If  the  bottom  of  the  pattern  does 
not  come  too  close  to  a  plate,  and  thus  cause  the  mold  to  be 
in  danger  of  bursting  out,  skeleton  plates  like  k  may  be 
used.     The  openings  /,  /  are  not  to  exceed  GO  square  inches 
in  area.     Such  openings  give  a  good  chance  to  get  solid 
sand  bearing  under  the  frames  and  leave  greater  freedom 
for  drying  and  venting  than  where  the  bottom  is  covered 
with  a  plate,  as  aty,  that  is  solid  with  the  exception  of  the 
vent  holes. 

58.  Copes  require  cross-bars  for  dry  sand  as  well  as  for 
green  sand,  though  for  the  former  they  do  not  need  to  be  as 
close  together  as  for  the  latter,  for  when  the  sand  is  dry  be- 
tween the  cross-bars,  a  much  larger  space  can  be  safely  u"^^" 
there  than  with  green  sand.  Where  there  is  danger  of  the 
internal  pressure  bursting  the  sand  out  l)etween  the  bars 
they  must  be  placed  closely  together;  and  where  flasks  are 
stood  upon  end,  as  in  making  rolls,  shafting,  and  cylind^^ 
castings,  it  is  generally  necessary  to  bolt  a  plate  over  the 
cope  as  well  as  over  the  nowel.  Cross-bars  may  be  cast 
with  a  rib  on  top  to  prevent  the  sand  bursting  out,  ^ 
shown  in  dotted  lines  at  ;/,  Fig.  25,  instead  of  "Sing 
flat  plates,  as  j  or  i\  It  is  well  to  state  that  where 
the  sides  are  made  in  sections,  as  in  Fig.  25,  the  cross-bars 
are  also  cast  separately  and  then  bolted  in  place  when  the 
cope  and  nowel  are  put  together.  When  casting  the  sides 
it  is  generally  advisable  to  cast  them  full  of  small  vent 
holes,  as  </,  ^. 
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59.  There  arc  a  variety  of  ways  (jf  making  iniri  flasks 
that  will  conform  to  the  conditions  given.  Some  flasks  are 
made  from  1  inch  to  IJ  inches  in  thickness  when  they  are 
used  for  massive  castings,  such  as  cannon,  rolls,  etc.  In 
holding  the  cope  and  nowel  of  such  flasks  together,  either 
liolts  or  clamps,  or  a  combination  of  both,  are  attached  to 
the  flanges. 


FISIKING  JOINTS  ANI>  FINISHING  MOLDS. 

60.  After  a  pattern  has  been  drawn  from  the  mold,  the 
first  thing  of  importance  is  to  sleek  down  the  joints  to  place, 
since  if  this  is  not  done  it  may  project  in  places  and  cause  a 
crush  when  the  cope  is  closed  on  the  nowel.  It  must  be 
remembered  that  when  a  mold  is  made  of  green  sand  and 
the  joints  come  snugly  together,  they  may  be  compressed  a 
little  without  doing  harm;  but  it  is  different  with  dry. sand 
work,  for  if  the  faces  of  the  joints  press  each  other  in  the 
least,  one  of  them  must  give  way,  and  this  may  result  in 
losing  a  casting.      When  making  a  joint,  one  plan  to  avoid  a 
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crush  is  to  sleek  down  the  joint,  as  shown  at  ti.  Fig.  96  (a), 
instead  of  leaving  it  flush  with  the  patterns,  and  in  finisli- 
ing  the  cope  to  cut  down  the  projection  at  b  and  leave  it 
level  with  the  surface  of  the  cope,  as  at  c.  Another  plan  is 
to  make  the  joint  of  the  mold  even  with  that  of  the  pattern, 
so  that  the  cope  will  he  level  when  it  is  lifted  off,  and  then 
to  cut  dtiwn  the  nowel  joint,  as  at  «',  before  drawing  the 
pattern.  Either  of  these  plans  will  cause  the  joint  to 
appear  as  shown  at  f.  Fig.  3(;  (/'),  when  Ihe  cope  is  closed. 
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Snmenioldcrs  in  finning  a  joint  will  merely  sleek  the  edge  as 
at  d.  pressing  it  with  the  trowel.  Such  a  joint  is  more 
liable  to  crush  than  if  no  attem|>t  was  made  at  finning,  for 
the  reason  that  the  trowel  is  apt  to  raise  a  knoll,  like  c.  In 
making  a  fin,  it  should  slope  back  gradually  from  3  to  4 
inches,  as  shown  at/.  The  thickness  of  a  fin  at  the  front  of 
the  mold  can  range  from  \^  inch  to  \  inch,  depending  tm  the 
liability  of  crushing  due  to  a  bad  flask  joint  or  to  poor 
drawing  of  the  pattern.  Whenever  there  is  danger  of  crush- 
ing, the  fin  should  be  large.  The  rtiolder  should  bear  in 
mind  the  maxim,  "It  is  better  to  have  a  fin  than  a  crush." 

61.  The  joint  having  been  properly  cut  to  form  the  fin, 
and  the  pattern  withdrawn,  the  mold  is  then  sprinkled 
lightly  with  water,  beer,  or  molasses  water  (according  to  the 
strength  of  the  sand),  either  by  means  of  a  brush,  the  mouth, 
or  a  spraying  device.  The  mold  is  then  sleeked  up  smoothly 
with  finishing  tools,  after  which  a  coat  of  blackening  is 
applied  with  a  soft  brush  or  swab.  If  the  casting  is  over 
3  inches  thick,  it  may  require  two  coats  of  blackening.  In 
putting  on  the  blackening,  it  should  be  done  as  evenly  as 
possible  and  in  such  a  manner  as  not  to  show  the  streaks  of 
the  brush  or  swab,  as  these  leave  an  uneven  surface.  After 
the  mold  has  beeh  blackened,  it  is  sleeked  over  as  evenly  as 
possible,  so  as  not  to  show  the  marks  of  finishing  tools  upon 
the  surface, 

62.  It  is  sometimes  desirable  to  blacken  the  molds  after 
they  are  dried,  instead  of  doing  so  when  they  are  green.  In 
this  case  the  mold  is  finished  as  though  it  were  going  to  \m 
blackened  before  drying,  the  only  difference  being  that  more 
care  is  necessary  in  finishing  the  surface,  which  should  be 
quite  damp.  The  extra  dampness  causes  the  surface  to 
bake  hard,  so  that  when  blackening  the  hot  mold,  a  smoother 
surface  will  be  obtained  than  can  be  gotten  otherwise.  In 
blackening  dry  molds  while  they  are  hot,  the  blackening 
must  be  thinner  than  if  used  for  green  molds.  Dried  molds 
do  not  require  as  heavy  a  coating  of  blackening  or  as  much 
sleeking  after  the  blackening  has  been  applied  as  green  ones 
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lit).  It  may  be  well  tu  state  here  that  some  molilers  avoid 
sleeking  blackened  green  molds  by  being  careful  to  blacken 
smoothly  and  evenly  when  blackening.  This  method  is 
made  more  effective  by  going  over  the  blackened  surface 
with  a  camel's-hair  brush  kept  moistened  with  a  very  thin 
mixture  of  blackening.  There  is  generally  little  difficulty  in 
"peeling"  flat  surfaces  to  get  them  smooth  and  true  to 
form.  The  skill  of  the  molder  is  largely  shown  in  the  finish 
of  the  corners,  fillets,  flanges,  etc.  of  a  casting. 


MIXTURES  I 

63.  The  ideal  material  for  dry-sand  work  is  a  sand  that, 
when  dried,  will  be  firm  and  solid,  like  a  solid  core,  and 
will  be  of  so  open  a  nature  as  to  permit  the  free  escape  of 
the  gases  formed.  If  strength  when  dried  were  all  that 
was  desired,  the  common  grades  of  clay  could  be  mixed 
with  molding  sand  and  used,  but,  on  account  of  the  density 
of  clay,  it  would  not  vent  sufficiently,  and  the  molds  would 
blow  and  scab. 

In  some  localities  there  is  difficulty  in  procuring  good 
grades  of  sand  for  dry-sand  work,  and  there  the  ordinary 
molding  sand  may  be  used  in  a  mixture,  as, by  receipt  No.  1 
given  in  Art.  66.  This  mixture  is  used  also  for  common 
sand,  and  used  to  fill  in  back  of  the  facing  by  leaving  out 
the  flour.  The  sharp  sands  referred  to  in  the  following 
receipts  are  such  as  are  used  for  making  cores. 

64.  Loam  sand  is  more  gummy  and  contains  more  clay 
than  ordinary  molding  sand,  and  as  found  in  some  localities 
is  so  suitable  for  dry-sand  work  that  it  can  be  used  alone 
without  mixture  with  any  other  sand.  A  facing  mixture 
that  may  be  made  in  some  localities  is  given  in  receipt 
No.  3,  Art.  66.  Should  this  mixture  be  too  close,  use 
\\  parts  of  the  bank  sand  to  \  part  of  molding  sand.  For  a 
backing  sand,  the  same  mixture  may  be  used  by  omitting 
the  sea  coal.      It   may  be   well  to  state   that  by    backing 
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sand  is  meant  the  sand  that  fills  up  tlie  simt-c  between 
the  riask  and  the  mixture  that  faces  the  pattern,  the  hitler 
mixture  being  commonly  called  fnclnif  Hand,  or  iiften 
referred  to  as  faclnte  mixture. 


6S.  Where  a  regular  loam  sand  can  be  found,  receipt 
No.  3  may  work  well  where  a  strong  facing  mixture  is  de- 
sired. This  is  wetted  with  clay  wash  mixed  to  the  thickness 
made  necessary  by  the  nature  of  the  loam  sand.  The  back- 
ing of  this  mixture  consists  of  5  parts  of  loam  and  1  of  lake 
sand  wetted  with  clay  wash.  The  three  receipts  referred  to 
are  those  generally  used  in  the  regions  bordering  on  the  Great 
Lakes.  In  the  East,  a  fire-sand  and  a  Jersey  sand  are  used, 
which  are  excellent  for  making  dry-sand  mixtures.  The  Jer- 
sey sand  is  somewhat  like  a  fine  grade  of  lake  sand,  except  that 
it  is  whiter  and  has  more  body  than  lake  sand.  The  fire- 
sand,  so-cailed,  is  similar  to  Jersey  sand,  excepting  that  it  is 
of  a  redder  hue.  No.  4  is  a  mixture  that  has  been  proved 
in  the  East  to  work  well.  For  a  backing,  the  mixture  should 
be  made  more  loamy  by  an  addition  of  loam  or  molding  sand. 
As  a  rule,  backing  sand  should  be  as  open  as  possible,  so  as 
to  allow  the  free  escape  of  the  gases.  While  it  is  desirable 
that  it  be  of  an  open  nature,  it  should  at  the  same  time  be 
of  sufficient  strength  to  hang  together  well  when  rammed, 
in  order  to  support  the  sides  of  molds  and  help  retain  the 
facing  in  form  while  baking.  The  dampness  of  either  the 
backing  or  facing  sands  should  not  greatly  exceed  that  of 
green  sand,  for  the  reason  that  the  wetter  the  facing  or 
backing  sands  are,  the  closer  they  will  be  when  dried.  It 
is  often  advisable  to  make  the  facing  welter  than  the  back- 
ing, for  where  it  takes  a  long  time  to  ram  the  mold,  the 
facing  sand  will  dry  out  before  the  mold  can  be  finished. 
In  mixing  dry-sand  facings,  they  should  be  well  tempered, 
as  this  toughens  the  mixture  and  causes  a  firmer  surface  on 
the  mold. 

The  sea  coal  and  coke  dust  used  in  receipts  Nos.  'i  and  3  are 
for  the  purpose  of  making  an  open  facing,  as  this  permits 
free  venting  and  also  assists  in  peeling  the  casting.      Where 
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the  sands  are  weak,  sea  coal  or  coke  dust  cannot  be  used  to 
advantage,  as  they  would  still  further  decrease  the  strength 
of  the  sand. 

06«  Receipt  No.  1. — Mix  4  parts  of  molding  sand  with 
I  part  of  lake  or  bank  sand,  and  use  1  part  of  flour  for 
30  parts  of  sand.     Wet  with  clay  wash. 

Receipt  No.  2. — Mix  1  part  of  molding  sand  with  1  part 
of  bank  sand,  and  use  1  part  of  flour  for  every  30  parts  of 
sand,  and  1  part  of  sea  coal  to  every  20  parts  of  sand.  Wet 
with  clay  wash. 

Receipt  No.  3. — Mix  4  parts  of  loam  sand  with  1  part  of 
lake  sand,  and  use  1  part  of  sea  coal  to  every  14  parts  of 
sand.    Wet  with  clay  wash. 

Receipt  No.  4. — Mix  1  part  of  molding  sand  with  1  part 
of  Jersey  sand  and  1  part  of  fire-sand.  Use  1  part  of  sea 
coal  to  every  16  parts  of  sand.     Wet  with  clay  wash. 

67,  It  must  be  understood  that  these  receipts  are  given 
merely  as  an  aid  to  the  beginner  in  making  mixtures.  Even 
with  experienced  molders,  it  often  takes  some  experimenting 
to  obtain  a  mixture  suited  to  a  special  job.  A  mixture 
that  may  work  well  for  molding  a  cylinder  would  require  to 
be  changed  for  making  an  anvil  block  or  a  roll  casting.  The 
"lore  massive  the  casting  is  in  its  proportions,  the  stronger 
should  be  the  facing,  provided  there  are  no  intricate  and 
delicate  corners  to  require  free  venting.  If  there  are  such 
-  delicate  parts,  then  a  weaker  mixture  should  be  used  where 
they  are.  The  making  and  use  of  dry-sand  facings  calls  for 
J^tlgment  and  experience,  as  is  the  case  with  green-saiul 
facings. 

CONSTRUCTION  OP  A  CYMNI3KR  MOLD. 

®8,    The  methods  used  in  making  castings  in  loam  differ 

''»idieally  from  the  methods  employed  in  green-saiid  or  dry- 

^'^J  molding.     A  system  of  building  molds  with  brie  ks  and 

'^^m  binders  is  used  that  would  be  impracticable  in  either 

the  other   branches.     This  svsteni  is  also  used  to  save 

Patternmaking,  as  molds  can,  in  some  instances,  be  made 
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with  sweeps    iiiid    skeleton    patterns,    wliiuii  woiili!    rujtii 
elaborate  patterns  and  core  boxes  were  ihey  made  inj 
or  dry  sand. 
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HH.     In  order  to  present  the  mcthdds  used  in  hiunU 
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constructing  a  cylinder  casting  is  given  as  an  example.  This 
will  illustrate  laying  bricks,  juint  making,  and  the  method 
of  supporting  hanging  bodies  witli  loam  plates,  etc.  There 
is  also  shown  in  the  same  mold  the  method  of  building  on  a 
square  attachment  to  a  circle  by  means  of  the  section  of  a 
■pattern.  The  mold,  completed  and  ready  to  be  closed,  is 
shown  in  Fig.  27. 

There  are  two  ways  of  making  such  castings.  One  is  as 
shown,  and  the  other  is  to  make  the  center  core  a  independ- 
ent of  the  bottom  of  the  mold, 
as  in  Fig.  38,  and  set  it  into  a 
tapering  print,  as  shown  by  the 
dotted  lines  li,  b,  Fig.  37,  instead 
of  having  the  outside  and  inside 
parts  of  the  mold  jointed,  ; 
shown  by  the  dotted  lines  b',  i 
To  lift  such  a  core,  slings  c, 
which  are  suspended  from 
cross  d,  are  passed  down  the  in- 
side of  the  core  and  are  fastened 
to  lugs  at  g,  as  shown. 

70.  It  will  be  noticed  that 
the  core  in  Fig.  ^B  is  longer  than 
the  mold.  This  is  often  done,  aiid 
instead  of  covering  the  top  of  the 
mold  with  a  flat  cover  c.  Fig.  27, 
resting  both  on  the  mold  and  the 
inner  core,  a  covering/,  Fig.  28, 
is  made  to  fit  agiiinst  the  center  core, 
outside  part  of  the  mold  only. 


nth  a  bearing  on  the 
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71.     The    making    of    loam    molds    generally    requires 

sweeps    or    spindles,    or    both.       These    are    illustrated    in 

Fig.  20,  which  shows  the  apparatus  necessary  for  starting 

the  mold  shown  in  Fig.  27.     At  g  is  seen  the  spindle  seat 
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or  centering  block  ^or  guiding  the  spindle  //.     This  block 
should  be  firmly  embedded  in  the  floor,  as  it  is  of  the  utmost 

importance  that  the  center  remain 
rigid.    The  spindle  requires  a  rigid 
guide  at  its  bottom  to  keep  it  cen- 
tral, and  one  at  the  top  also,  as 
shown  at  /*.     The  beam  support- 
ing the  top  center  at  i  can  be  ex- 
tended   to   timbers   embedded  in 
the  floor  or  to  the  adjacent  walls 
for  support.     In  either  case,  pro- 
vision should  be  made  for  its  re- 
moval in  order  to  permit  the  use 
of  the  crane  in  setting  plates,  etc. 
on  the  mold  during  its  construc- 
tion.  All  spindles  should  be  turned 
and  should  be  straight. 

72.     The  diameter  of  a  spindle 
will  depend  on  the  character  an^ 
the  length  of  the  work.     They  can 
be  made  of  gas  pipe  in  cases  where 
large  dianietcrs  are   permissible.      Whatever    the  diameter 
is,  it  should   be  in  whole  inches,   as  fractional   parts  of  an 
inch   are   apt   to    confuse    some   men    in    making    measure- 
ments when   setting  sweeps.      The  bottom  of  a  spindle  ca» 
be  turned  round  and  parallel  to  fit  a  similar  spindle  seat, 
or  it  can  be  made  tapering  for  a  length  of  C  to  12  inches 
and  fitted  to  a  hole   in  the  spindle   seat  which  has  a  cor- 
responding form.      Some  spindles  are  made  to  revolve  when 
turning  the  sweep,  while  others  remain  stationary. 

73.  In  constructing  sweeps,  they  are  made  with  a  bevel 
as  seen  at  j\  Fig.  30.  In  the  case  where  a  sweep  is  used 
much,  it  is  a  good  plan  to  fasten  a  piece  of  iron  k  to  the 
front  edge.  Sweeps  should  be  made  so  that  their  front  facf 
is  in  a  plane  passing  through  the  center  of  the  spindle, as 
shown  by  the  line  / /,  the  spindle  arm  ;;/  being  constructed 
in  such  a  manner  as  to  allow  this  to  be  done.     Sweeps  arc 
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generally  made  of  wood,  and  vary  in  thickness  from  1  inch 
up  to  1^  inches,  according  to  the  stiffness  required. 


Fig.  3(). 


In  setting  sweeps  to  the  right  diameter,  a  straightedge, 
like  the  one  shown  in  Fig.  30,  with  a  semicircular  notch  .r, 
equal  in  radius  to  that  of  the  spindle,  cut  into  one  edge, 
is  used. 

74.  Spindle  arms  are  constructed  both  of  wrought  iron 
and  cast  iron.  A  single  arm,  as  shown,  has  a  setscrew  at  ^, 
Fig.  30,  which  permits  the  sweep  to  be  clamped  to  the  spindle 
so  as  to  revolve  with  it,  should  this  be  desired.  In  the  case 
of  the  spindle  remaining  stationary,  collars/  and  q.  Fig.  20, 
are  required  to  hold  the  arms  from  working  up  or  down. 
The  arm  /;/  in  Fig.  20  is  seen  to  have  two  centers,  r  and  s^ 
with  a  brace  /  connecting  the  two.  Sometimes  the  upper 
center  r  has  an  arm  that  is  parallel  with  the  lower  one,  and 
the  two  arms  are  tied  together.  The  distance  between  the 
arm  centers  r  and  s  can  be  varied.  The  longer  the  sweep, 
the  greater  the  distance  that  they  should  be  apart. 


MAKING  FOUNDATION    AND   PRINT. 

75.  The  foundation  center  ^^'^  and  top  support  /,  Fig.  20, 
having  been  adjusted,  the  next  step  is  to  set  the  bottom 
phite  //  on  bearings,  as  shown  in  Fig.  31.  This  bottom  plate 
is  also  seen  at  //,  Fig.  27.  The  spindle  //  and  the  arm  ;//, 
which  were  removed  to  permit  setting  the  bottom  plate, 
are  now  replaced  and  the  sweep  v  is  bolted  to  the  arm  /;/  in 
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such  a  position  as  to  give  the  diameter  required.  The  parts 
are  adjusted  by  the  aid  of  a  sweep-setting  straightedge. 
Bricks  to  are  then  laid  in  a  loam  mixture.  It  will  be  no- 
ticed that  quite  an  opening  exists  between  all  the  bricks, 
as  at  X.     This  is  partly  due  t»  the  impossibility  of  making 


flush  joints  with  rectangular  bricks,  and  is  also  partly  i^"* 
to  the  necessity  of  having  some  opening  between  the  joint* 
to  act  as  vents  for  the  steam  and  gases.  To  aid  in  this  vent- 
ing, the  spaces  between  the  bricks  are  filled  with  cinder* 
rammed  in  snugly  with  the  end  of  a  file  or  flat  piece  of  iron/- 
This  is  one  form  of  venting  brickwork  that  is  much  used  m 
loam  molds.  The  cinders  needed  are  obtained  by  usmS 
:^-inch  and  i-inch  riddles. 

76.  After  the  spaces  have  all  been  packed  with  cindeft 
the  outer  ends  and  upper  faces  of  the  bricks  are  clean*'' 
free  of  cinders  and  a  coarse  loam  mixture  is  daubed  ov" 
them,  as  shown  at  7,  Fig.  3"i  {a),  and  the  whole  is  swept "('■ 
using  a  fine  finishing  loam  for  the  last  coat  and  continuml 
until  the  mold  appears  as  at  <?.  Fig.  33  {*).  This  fig""^ 
shows  the  bottom  swept  np,  the  joint  or  bottom  seat  si* 
finished ;  also  the  lifting  ring  c  placed  on  the  mold  and  0" 
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inolder  laying  bricks  d.  The  bricks  d  are  laid  around  the 
seat  to  complete  the  circle,  as  seen,  after  which  the  sweep  e 
is  set  as  shown  in  Fig.  32  (c). 


BUILDING  OUTSIDE  BODY  OP  CYLINDER. 

77.  The  sweep  e  having  been  set,  a  4-inch  wall  g  of 
half-bricks  is  laid  around  the  outer  edge  of  the  flange,  as 
shown  in  Fig.  32  (rf).  The  joints  h  between  the  bricks  are 
daubed  up  with  mud  or  loam  to  complete  the  circle.  On 
top  of  the  courses^,  whole  bricksy  are  laid,  one  half  resting 
on  the  lower  course  of  bricks  and  the  other  half  projecting 
over  the  flange  of  the  sweep.  In  laying  the  whole  bricks 
over  the  flange,  some  of  them  may  topple  over  on  account 
of  being  overbalanced.  To  prevent  this,  a  piece  of  brick 
may  be  placed  temporarily  on  the  ends  resting  on^,  and  then 
the  space  between  the  joints  is  filled  with  soft  mud  or  loam. 
While  laying  the  course  of  bricks y,  the  section  pattern  k^ 
having  first  been  oiled  slightly  to  keep  the  loam  from  stick- 
ing to  it,  is  set  in  place  on  a  bearing  of  soft  loam.  To  hold 
the  top  of  the  pattern  in  place  until  it  is  surrounded  with 
sufficient  brickwork  to  keep  it  in  position,  a  stick  of  wood  in 
is  screwed  to  the  pattern  at  one  end  and  to  the  stake  ;/  at 
the  other.  This  method  of  holding  similar  sections  of 
patterns  in  position  is  the  one  usually  practiced  in  con- 
structing loam  molds.  The  course  of  bricks  j  having  been 
completed,  it  may  be  advisable,  where  the  mixtures  of  loam 
are  liable  to  scab,  to  lay  on  a  thin  covering  of  straw,  as  seen 
at  0.  Where  straw  cannot  be  obtained,  hay  may  be  used  as 
a  substitute;  straw  is  best,  however,  because  it  is  hollow. 
Instead  of  using  the  straw  or  hay  when  approaching  the 
section  pattern  k^  :i^-inch  rods  /,  i  are  often  laid. 

78.  The  use  of  cinders  described  in  connection  with 
Fig.  31,  also  the  use  of  straw  and  rods  mentioned  above, 
and  the  method  of  venting  between  courses  of  bricks,  as  seen 
at  /,  Fig.  32  (^/),  constitute  the  different  systems  generally 
used  in  venting  loam  molds. 


FOrKDRY  WORK. 


After  the  straw  o.  Fig.  32  {ri),  has  been  placed  ovch 
course  of  bricksy,  a  course  /  itf  liats  and  half  pieces  of  b 
(by  bats  is  meant  irregular  pieces  of  brick,  that  arcsi 
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th:in  h;i!f  a  brick)   is  laid,   and   the  Dpcnings  iiciwccn  tlif 
This  dune.  aourK'"' 
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79.    After  the  course  r  has  been  laid,  another  course  s  of 
headers  (see  Fig.  27)  is  laid,  which  brings  the  brickwork  up 
to  the  underside  of  the  belt  section,  leaving  about  f-inch 
clearance  between  the  edge  /  of  the  sweep  [see  Fig.  32  (r)] 
and  the  face  of  the  bricks  for  daubing  on  loam  to  form  the 
face  of  the  mold.    Before  starting  to  lay  the  4-inch  courses, 
Fig.  27,  straw  is  spread  on  the  face  of  the  course  of  bricks  J, 
in  order  to  form  a  vent  for  carrying  the  gases  from  the 
bottom  of  the  belt.     The  course  //  is  laid  with  whole  bricks, 
placed  lengthwise  around  the  mold.     When  the  course  of 
bricks  //  has  been  laid,  another  4-inch  course  w  of  whole 
bricks  is  laid  lengthwise  and  is  set  in  such  a  manner  as  to 
break  the  joints  of  the  course  //.     This  brings  the  outside 
brickwork  up  to  the  joint  plate  x.     The  lower  half  of  the 
outside  of  the  mold  is  now  ready  for  daubing  with  loam, 
which  should  be  swept  to  a  smooth  face.     To  form  the 
joint  on  which  the  parting  plate  x  is  to  be  set,  a  strip/. 
Fig.  32  (r),  is  screwed  on  to  the  sweep.     The  mold  and  joint 
having  been  swept  up  smooth    with  loam  to  the  center  of 
the  belt,  the  beam  for  the  upper  bearing  of  the  spindle  is 
removed  and  the  joint  plate  is  set  in  place.     This  done,  the 
beam  is  replaced  and  another  course  of  bricks  is  laid,  which 
is   to  come  level  with  the  top  of  the  belt.     On  top  of  this 
course    a  pricker  plate  y.  Fig.    27,   that    has    been   daubed 
with  loam  and  dried  is  set,    removing  the  cross-beam  from 
the  spindle  again  to  allow  this  to  be  done.     Bricks  laid  as 
at  j\  Fig.  32  (^),  are  often  used  instead  of  a  plate  as  at/. 

SO.  In  daubing  up  such  plates,  they  are  turned  with  the 
pricker  side  up,  and  fine  cinders  are  applied  to  a  thicknessoi 
about  f  inch.  On  the  top  of  the  cinders,  clay  wash  >s 
sprinkled  with  a  brush,  after  which  soft  4oam  is  spread  on 
by  hand  to  the  level  of  the  top  of  the  prickers,  and  then 
smoothed  off  by  hand,  the  hand  being  wetted  with  water. 
At  this  stage  the  plate  is  dried  either  by  a  fire  under  it  ^^ 
in  an  oven,  after  which  it  is  ready  to  be  turned  over  and  set 
in  place  in  the  mold.  In  some  cases  where  such  plates  are 
set  over  patterns,  they  are  set  on  while  hot,  so  as  to  stiffen 
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the  loam  underneath  them  quickly.  The  plate  y^  Fig.  27, 
having  been  set  in  place,  the  balance  of  the  brick  courses 
are  laid.  The  plate  z  is  also  laid  and  the  mold  is  daubed  up 
with  loam  and  swept  smooth. 

81.  The  outside  of  the  mold  having  been  built  up  and 
swept,  the  lifting  cross  A  and  four  slings,  as  B^  B,  Fig.  27, 
are  hitched  to  the  handles  of  the  plate  c,  after  which  block- 
ing C,  C  is  wedged  between  the  lifting  cross  and  the  top 
plate  of  the  mold,  in  order  to  keep  the  mold  from  toppling 
over  when  being  hoisted.  The  mold  is  then  hoisted  off  the 
foundation  plate  u  and  finished  with  tools  and  blackening. 


BUILDING  THB  CBNTBR  CORB. 

82.     The  outside  of  the  mold  having  been  hoisted  off  the 
bottom,  the  sweep  b  for  forming  the  center  core  is  set  as 


Pig.  88. 

shown  in  Fig.  33.     This  done,  half-bricks  are  built  up  as 
seen  in  Fig.  34.     As  the  courses  are  laid,  they  are  vented 
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with  a  J-inch  vent  wire,  the  vent  wire  use^  being  shotn 
at  /.  The  vent  wire  must  be  inserted  l.efore  the  mud 
between  the  bricks  begins  to  stiffen,  and  in  venting  il  is 
shoved  through  to  the  open  space  inside;  thfe  vent  holesare 
placed  from  2  to  3  inches  apart.  After  the  Iwttom  has 
been  built  up  four  or  tivc  courses  high,  it  is  daubed  up  with 
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loam  lo  tin-  finislu-d  size,  as  shown  in  Fig.  35,  which  als" 
sIk.ws  tho  m<.ldcr  daiiliitig  on  the  last  coat.  The  cure  bemt 
Hnished  thus  far  and  the  i..am  having  stiffened  at  the  basef. 
curses  of  lialf-liri<-ks  arc  <-"nlin.itd.  as  described,  until  tlie 
top  is  rL-a.he<I  and  the  balance  of  the  core  is  dauW  and 
swept,  (he  whole  core  wiien  the  top  plate  is  set  appearinS"* 
in  Figs.  37  and  aS. 

83.  In  s\vec|nng  such  cores,  the  arms  */  and  f,  Fig-  ■'■'■ 
are  in  simio  cases  placed  farther  apart,  to  keep  tlie  I""" 
arm  near  the  bottom,  and  as  the  cimrses  of  bricks  are  c'"' 
linued  on  up  and  the  sections  swept  with  loam,  llie  lo*'-'' 
arm  is  raised  until,  at  last,  it  is  close  against  the  iipl*' 
arm  </. 

To  lift  such  a  core  into  the  oven,  the  same  lifting  crossan^ 
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slings  seen  lifting  the  outside  mold  in  Fig.  27  can  be  used, 
care  being  laken  to  put  wedges  and  blocking  between  the 
top  plate  and  the  under  side  of  the  cross.  When  lifting 
such  a  mold  or  core,  three  men  should  hold  the  bottom  plate  u 
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to  keep  the  work  steady,  for  if  it  sways  much  it  may  topple 
over.  A  plan  that  will  assist  in  preventing  this  is  to  hitch 
hooks  in  the  recesses  E,  E,  Fig.  27,  leading  in  on  a  slant 
to  the  crane  hook,  as  shown  by  the  ilottcd  lines. 


LAVING   AND  TVINi;   COL'RHF.S  np  DRICKS. 

84.  Loam  molding  demands  some  skill  in  bricklaying. 
as  a  loam  molder  often  ha.s  some  very  difficult  constructions 
of  brickwork  to  make.  Attention  is  first  called  to  the 
brick/.  Fig.  34.     Bricks  laid  like  this,  having  the  longest 
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%idt  inwards,  have  been  known  to  be  pressed  inwards  by  the 
prcrssure  of  the  metal  during  the  pouring  of  the  mold.  In 
building  cores,  care  should  be  taken  to  use  bricks  that  will 
match,  so  that  when  the  pressure  comes  upon  them  they 
will  wedge  tf>gether  and  give  a  greater  resistance  to  the 
mortal  pres.sure.  Bricks  in  the  form  of  a  circle  resist  pres- 
sure in  a  manner  similar  to  the  bricks  in  the  arches  of 
bridges. 

85.  After  the  bricks  are  laid,  the  joints  //,  Fig.  35. 
should  be  thoroughly  daubed  with  a  strong  mud  or  good 
loam.  When  cores  exceed  4  feet  in  diameter,  whole  bricks 
can  be  laid  to  form  the  circle.  When  cylinders  exceed  4  feet 
in  length  and  30  inches  in  diameter,  it  is  best  to  build  an 
8-inch  wall  for  a  foot  or  so  at  the  bottom,  and  after  this,  a 
4  inch  wall,  as  in  the  cores  shown  in  Figs.  34  and  35,  should 
suffice  for  the  balance  of  the  length  of  the  core.  When 
cylinders  exceed  6  feet  in  diameter,  it  is  often  necessary, 
after  the  mold  is  cast,  to  strip  an  open  space  about  6  inches 
wide  the  length  of  the  casting,  to  permit  the  core  to  contract 
with  the  casting  without  putting  too  great  a  strain  upon 
it.  One  plan  to  avoid  th»s  is  to  use  strong  loam  bricks  in  the 
core,  forming  with  them  a  vertical  strip  about  8  inches  wide 
at  one  side  of  the  core;  then  when  the  casting  commences 
to  contract,  it  will  crush  the  loam  bricks,  which  crush  easier 
than  common  red  bricks. 

86,  Attention  is  now  called  to  Fig.  36,  which  presents 
the   scheme    involved    in    tying    the    joints    of    brickwork. 

Here  it  will  be  seen  that  the 
bricks  7  and  S  cover  the  joints  or 
openings  between  the  bricks  9, 
10,  and  11,  which  in  turn  cover 
the  joints  between  the  bricks 
ii?,  13,  U,  and  15.  Bricks  ^,  S, 
4,  and  5  are  called  lieadersi. 
Fig.  37  is  a  top  view  of  a  12-inch  wall.  Bricks  1  to  21  are 
h(!a(l(!rs  laid  on  the  top  of  the  course  below  them  and  have 
all  their  joints  tied,  as  shown. 
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The  bricks  facing  a  mold  should  be  dry,  or  nearly  so,  and 
of  a  soft  character.  Hard-burned  bricks  prevent  the  escape 
of  the  gases,  are  liable  to  cause  scabs,  and  if  they  are  not  dry 
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when  laid  the  loam  stiffens  slowly,  making;  it  difficult  to 
obtain  a  good  finish  on  the  face  of  the  mold.  A  dry,  open, 
soft-burned  brick  should  absorb  alxmt  1  pint  of  water. 


THICK7IKS8  or  LOAM  FOR   DADBINO   A 

87.  The  face  of  the  bricks  should  be  kept  from  f  to 
J  of  tm  inch  away  from  the  cutting  edge  of  the  sweep. 
Where  the  tastings  are  thin,  the  thicker  and  more  open  the 
loan)  is  on  the  face  of  the  bricks  the  better.  The  loam  used 
should  be  of  such  a  character  as  to  adhere  firmly  to  the 
bricks,  and  still  not  be  so  soft  as  to  run  or  sag  on  the  face  of 
the  mold.  The  loam  should  be  rubbed  <.n  quickly  with  the 
hand,  on  account  of  the  fact  (hat  if  a  large  section  can  be 
kept  soft  until  the  lutling  end  of  the  sweep  has  passed  over 
it,  there  will  be  lil  tie  leariii-  and  the  surface  will  be  sm'.oth 
anil  firm,  as  it  should  be  for  the  finishing  loam.  It  may  take 
four  passings  of  the  sweep  over  the  daubing  lo  prejiare  the 
coarse  loam  for  daubing  on  the  finishing  coat;  this  should  be 
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thin  enough  to  be  applied  with  a  molder's  brush,  by  dip- 
ping the  brush  in  a  pail  of  loam  and  rubbing  it  on  the  face 
of  the  mold  quickly,  since  the  quicker  this  can  be  done,. the 
smoother  the  surface  will  be. 

88.     Before  starting  to  use  the  sweep,  its  edge  should  be 
thoroughly  cleaned  of  all  grit  and  dirt,  and  in  pulling  the 
sweep  it  should  be  moved  in  an  opposite  direction  to  that  of 
the    arrow    ;/  in    Fig.    30.     Before  starting  to  put  on  the 
finishing  coat,    the  rough,   coarse   loam   should    have  been 
swept  up  as  full  as  possible.    This  is  made  easier  by  making 
the  coarse  loam  mixture  thin  when  evening  up  the.  rough 
loam  of   the   last  sweeping;  before  starting  to  put  on  the 
finishing  coat,  the  coarse  under  coat  should  be  stiff  and  hard, 
so  that  it  may  absorb  the  moisture  from  the  finishing  coat 
in  a  fairly  rapid  manner.     When  putting  on  the  finishing 
coat,  it  should  be  done  so  evenly  that  one  revolution  of  the 
sweep  will  suffice.      If  more  revolutions  are  made,  the  face 
will  rarely  be  as  smooth  as  if  only  one  revolution  were  made. 


FINISHING    AND   nLACKBNINC;    A    M>AM    MOLD. 

89.  The  aniouiiL  of  finishing  with  the  small  tools  that  a 
mold  requires  depends  on  how  smoothly  it  has  been  swept  up. 
and  how  smoothly  the  building  up  around  the  patterns  has 
been  done.  A  mold  should  be  swept  up  so  smooth  as  not 
to  re(juire  any  tool  finishing;  when  this  can  be  done,  it 
will  he  very  beneficial  in  preventing  blackening  scabs,  as 
sl('(^king  the  loam  surface  of  a  mold  helps  to  close  up  the 
pores  and  thus  prevent  the  escape  of  the  gases. 

9().  Where  patterns  are  used,  it  is  generally  necessary 
to  do  more  or  less  finishing,  as  there  may  be  seams  at  the 
courses  of  bricks  which  require  to  be  dug  out  and  filled  i" 
with  fresh  loam.  Then  again,  if  this  is  not  found  necessary, 
the  oil  that  is  used  on  the  pattern  to  prevent  the  soft  loan' 
sticking  to  it  will  have  to  be  washed  off,  so  as  not  to  form  3 
parting  and  cause  the  blackening  to  peel  or  scab  off.  J" 
starting  to  finish  such  parts  of  a   mold,   or   those  roughly 
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swept,  a  wad  of  clean  waste  or  fine  **  teased  '*  hemp  is 
saturated  with  water  and  nibbed  over  the  face  of  the  mold, 
after  which  thin  finishing  loam  is  taken  in  the  hand 
and  rubbed  over  the  wet  surface.  Over  this  is  rubbed  a 
hardwood  smoothing  block,  made  about  2  inches  thick  by 
4  inches  wide  and  8  inches  long,  having  rounded  edges,  so 
as  not  to  tear  the  mold.  The  action  of  this  smoothing 
block  should  leave  the  face  of  the  mold  in  such  a  condition 
that  a  little  sleeking  with  the  finishing  tools  will  make  it 
ready  for  blackening.  The  blackening  is  best  done  before 
the  surface  becomes  too  dried,  since  if  this  occurs  in  black- 
ening loam  molds  while  green,  the  blackening  dries  so  rapidly 
that  it  is  difficult  to  do  good,  smooth  finishing.  As  a  rule, 
loam  molds  cau.se  the  blackening  to  stiffen  very  rapidly,  and 
where  this  takes  place,  which  can  be  told  by  the  dryness  of 
the  mold,  only  a  small  scctii)n  at  a  time  should  be  blackened 
in  order  that  it  may  not  stiffen  too  much  before  being 
finished  with  the  sleeking  tools.  Loam  molds  are  blackened 
both  green  and  dry,  as  are  dry-sand  molds,  and,  like  them, 
require  a  thickness  of  blackening  according  to  the  propor- 
tions of  the  casting.  The  character  of  the  mixtures  is 
practically  the  same  for  both  branches,  as  is  also  the  use  of 
tools  in  finishing. 


MATKRIALH  USKI)  FOR   MAKING    I.OAM   JOINTS. 

91.  To  separate  the  loam  at  such  joints  as  h  in 
Fig.  32  (/^),  machine  oil  or  other  oil  can  be  rubbed  on  the 
face  of  the  finished  loam,  which  is  then  covered  with  parting 
sand.  Another  method  is  to  wet  paper  and  lay  it  on  the 
joint,  or  to  fasten  it  on  with  nails.  Another  plan  is  to  take 
pure  charcoal  dust  and  wet  it  with  water  to  make  a  black- 
ening, and  then  brush  it  smoothly  on  the  joints.  The  loam, 
in  drying,  will  absorb  the  water  out  of  the  blackening  and 
leave  a  dust  that  se[)arates  the  two  bodies.  Where  the 
joint  is  very  wet  and  lies  flat,  oil  and  parting  sand  are  used. 
If  the  joint  is  vertical,  the  parts  should  be  left  until  they 
are  stiff  before  applying  the  separating  material. 
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RAMMING    UP  LOAM   MOLDS  RBADY  FOR  CASTING. 

92.  The  mold  shown  in  Fig.  27  having  been  dried  and 
put  together  in  the  pit,  as  shown,  the  slings  are  attached 
to  the  handles  c  of  the  bottom  plate  and  blocking  is  wedged 
in  between  the  bottom  of  the  cross  and  both  the  mold  and 
the  core  plate.  This  is  done  in  order  to  hold  down  the  core, 
as  well  as  the  outside  part  of  the  mold,  when  casting. 

The  next  thing  is  to  start  ramming  up  the  mold  by  shovel- 
ing in  well-mixed  sand  to  a  depth  of  5  or  6  inches  for  each 
course  of  ramming.  Where  this  work  is  all  done  by  hand, 
there  are  generally  four  to  eight  men  needed  in  ramming. 
The  leader  takes  the  peen  end  of  the  rammer  to  ram  around 
close  to  the  mold  walls  and  goes  roughly  over  the  surface 
between  the  mold  and  sides  of  the  pit,  and  he  is  followed  by 
his  men  with  butt  rammers.  The  bottom  course  should  be 
rammed  very  solidly,  so  as  to  prevent  straining. 

93.  As  the  ramming  progresses,  it  is  necessary  to  pro- 
vide vents  to  carry  off  the  gases.  This  is  done  by  laying 
a  course  of  cinders  at  every  other  ramming,  leading  them 
up  the  side  of  the  pit  and  carrying  their  vents  to  the  top  by 
means  of  gates,  sticks,  or  rods.  It  may  be  done,  also,  by 
placing  ^-inch  to  J-inch  rods  about  a  foot  apart  againstthe 
brick  wall  of  the  mold;  at  every  third  or  fourth  ramming 
these  are  pulled  up  the  length  that  has  been  rammed,  fori€ 
they  were  wholly  rammed  up  before  trying  to  pull  theni» 
there  would  be  some  difficulty  in  getting  them  out. 

After  the  outside  part  of  the  mold  has  been  rammed  to  th  ^ 
top  of  the  pit,  sand  is  rammed  gently  in  the  center  of  ih^^ 
core  to  a  height  of  about  1  foot.      Some  molders  donotfi>l  - 
low  this  practice,  and  where  the  lower  courses  of  bricks  ar^^ 
carefully  laid  it  may  not  he  necessary.      However,  the  ranrm- 
niing  in  of  sand  a  foot  high  takes  but  little  time  andisapr^' 
caution    that  may   prevent    the  casting    being   lost  by  tt^^ 
pressure  of  the  metal  finding  a  weak  spot  in  the  bottom  <">^ 
the  core,  which  would  allow  the  metal  to  escape  from  tnf 
mold.     The   mold    is  now    ready    for  making   the  pouring" 
runners  and  gates. 
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94.  It  may  be  well  to  mention  that  the  covering  cores  r, 
Fig.  27,  were  placed  all  around  the  top  of  the  mold  before 
starting  to  ram  it  up,  in  order  to  keep  dirt  from  getting 
into  the  mold.  These  cores  are  removed  after  the  mold  is 
rammed  up  and  the  mold  is  examined  to  see  if  all  is  right 
inside.  Light  for  this  purpose  can  be  obtained  by  tying  a 
piece  of  oily  waste  on  a  rod,  or  passing  down  a  miner's  lamp 
tied  to  a  piece  of  wire.  If  the  mold  is  found  clean  and  un- 
broken, the  covering  cores  e  are  replaced  along  with  their 
gate  sticks,  which  fill  the  holes  /%  /%  Fig.  27.  A  little  daub- 
ing made  with  dry  blackening  and  oil  is  used  to  fill  up  the 
joints  of  the  cores,  after  which  good  riddled  sand  is  shoveled 
in  and  the  top  of  the  mold  rammed  u-p  to  the  level  of  the 
loose  rings,  which  project  above  the  floor.  The  sand  is  now 
cut  to  form  the  pouring  basin  G  and  the  runners. 


GATING  ANn  POURING  CYLIN13BRS. 

95.  In  ramming  up  the  mold  shown  in  Fig.  27,  round 
cores  about  G  inches  in  diameter  and  12  inches  long,  having 
a  Ill-inch  gate  in  the  center,  arc  placed  in  connection  with 
the  inlet  //,  and  lead  up  to  the  top  of  the  mold.  These 
cores  are  made  in  sections,  and  are  placed  one  upon  the 
other  as  the  ramming  progresses;  they  are  used  in  place  of 
gate  sticks  on  account  of  the  fact  that  the  flowing  iron 
may  cut  the  gates  if  they  are  formed  in  green  sand,  and 
thus  create  dirt  when  the  mold  is  being  poured.  In 
connection  with  the  down  gate,  top  gates  made  in  the 
covering  cores,  as  seen  at  F^  are  arranged  about  10  inches 
apart  around  the  circumference  of  the  mold,  excepting  a 
space  of  about  a  foot  wide  that  must  be  left  for  the  feed- 
ing gate  seen  at  /  in  the  plan  view  of  Fig.  27.  These 
top  gates  should  be  small,  so  that  while  filling  the  mold  the 
pouring  basin  and  runners  can  be  kept  full  of  metal.  If  the 
gates  are  much  larger  than  \  inch  by  1  inch,  with  the 
distance  apart  mentioned  above,  it  would  be  difficult  in  large 
molds  to  keep  the  pouring  basin  full  of  metal  while  pouring. 
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96.  In  starting  to  pour  a  mold  having  bottom  and  top 
pouring  gates,  the  metal  is  flowed  slowly  from  the  ladle  at 
the  start,  until  the  bottom  of  the  mold  has  been  covered  to 
a  depth  of  several  inches,  after  which  the  pouring  is  hastened 
to  carry  the  metal  to  the  top  gates,  with  the  view  of  rapid- 
ly filling  all  the  runners,  so  that  any  dirt  floating  on  top 
of  the  metal  in  the  runners  may  be  held  from  passing  into 
the  mold.  Should  any  dirt  pass  through  the  gates  into  the 
mold  when  the  metal  is  started,  the  action  of  the  metal 
dropping  from  the  top  gates  on  the  raising  metal  in  the 
mold  chops  it,  as  it  were,  into  small  particles  and  keeps 
them  agitated,  so  that  they  will  float  upon  the  surface  of  the 
raising  metal  and  be  brought  up  into  the  dirt  riser,  which 
forms  all  that  part  of  the  casting  seen  above  the  line  ;/. 

97.  If  the  casting  were  poured  wholly  from  the  bottom, 
through  such  gates  as  that  at  //,  the  greater  part  of  the 
dirt  carried  into  the  mold  or  created  in  it  by  reason  of  scabs, 
etc.  would  lodge  against  the  sides  of  the  mold  and  make  a 
dirty  or  bad  casting,  as  would  become  apparent  when  the  skin 
was  removed  in  finishing  its  surfaces  in  the  lathe  or  planer. 
This  is  caused  by  reason  of  there  being  no  force  present  to 
chop  or  break  up  into  small  pieces  any  gathering  of  dirt  that 
might  be  created   during  the  pouring.      Furthermore,  the 
fact  that  the  metal  becomes  duller  the  higher  it  rises  when- 
poured  entirely  from  the  bottom  of  a  mold  has  a  still  greater' 
influence   in   making  dirty   castings;    but   when   the  metal 
drops  from  the  top,  it  will  be  practically  as  hot  in  the  to£"» 
j)ortion   of   the    mold    as  it  is  at  the  bottom.      The    metal- 
is    run    in    at     the    l)ottom    merely     for     the     purpose   t>  f- 
covering   the   bottom    of    the    mold  with  metal  sufticieiill^"' 
deep  to  prevent  the  metal  falling  from  the  top  from  cutting 
the  bottom  face  of  the  mold,  which  would  create  scabs  an" 
make  dirt   in    the   casting.       Sometimes   the    loam  can  L"><^ 
mixed  sufficiently  strong  to  stand  such  dropping  without  its 
cutting  the  bottom  of  the  mold,  but  wherever  it  is  pos.sih1e, 

a  bottom  inlet  gate  should  be  used  in  connection  with  top 
gates. 
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98.  It  is  true  that  quite  a  number  of  cylindrical  dry-sand 
and  loam  castings  are  poured  successfully  entirely  from 
the  bottom.  Nevertheless,  top-pouring  is  to  be  preferred 
when  practicable,  as  many  castings  that  would  have  gone  to 
the  scrap  pile  were  they  poured  entirely  from  the  bottom 
turn  out  perfectly  clean  in  finishing,  because  they  have  been 
poured  with  top  gates  combined  with  bottom  ones. 

99.  Reference  has  been  made  to  slow  pouring  at  the 
start  when  filling  the  bottom  of  the  mold  through  the  inlet 
gate,  before  the  metal  commenced  to  flow  through  the  top 
gates.  This  is  made  possible  by  having  the  entrance  of  the 
bottom  gate  near  the  pouring  basin  and  on  a  lower  level  than 
the  top  gates,  so  that  when  starting  to  pour,  the  down  gate 
will  be  the  first  to  receive  the  metal,  which  can  be  prevented 
from  running  to  the  top  gates  by  regulating  the  flow  from 
the  ladle. 


MUn  ANL>  I.OAM   MIXTURES. 

100.  The  difference  in  mud  and  loam  mixtures  consists 
in  the  former  requiring  only  to  be  a  material  that  will  give 
a  plastic  bearing  between  the  joints  of  bricks.  Mud  is 
generally  made  out  of  old  sand  gathered  from  dry-sand 
heaps  or  the  working  floor  of  the  molding  room.  Where 
more  is  wanted  than  these  sources  will  supply,  new  molding 
sand  or  loam  sand  may  be  taken.  Where  the  molds  are  tall 
or  of  an  intricate  form  and  require  to  be  well  bound,  the 
mud  may  be  strengthened  by  using  a  thick  clay  wash  to  wet 
the  sand.  As  a  rule,  it  is  desirable  to  have  the  mud  of  an 
open  texture  when  dried,  so  as  to  assist  in  carrying  off  the 
steam  and- gases;  to  make  it  open,  sawdust,  chopped  straw, 
or  hay  is  generally  mixed  with  it  in  the  proportion  of  1  part 
of  the  sawdust,  etc.  to  from  6  to  12  parts  of  the  sand.  The 
sand  forming  the  mud  should  be  riddled  through  a  :}-inch 
riddle,  so  that  there  will  be  no  lumps  to  prevent  the  bricks 
from  obtaining  an  even  hearing. 

101.  The  sand  used  for  making  loam  mixtures  should 
give  a  firm,  hard,  but  open-grained  body  when  dried.     There 
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are  a  few  localities  in  the  country  where  loams  are  found 
that  are  excellent  for  making  a  loam  mixture  without  being 
mixed  with  other  materials.  Where  such  a  natural  loam 
cannot  be  obtained,  it  becomes  necessary  to  combine  differ- 
ent materials,  some  very  loamy  and  others  sharp-grained 
in  their  texture.  It  may  be  necessary  to  mix  binding  or 
opening  materials  with  some  sands. 

102.  Coarse  loams  are  made  from  coarse  sand  mixed 
with  horse  manure,  straws,  etc.  passed  through  a  ^inch 
riddle,  whereas  finishing  loams  are  made  of  fine  grades  of 
sands  passed  through  a  No.  8  sieve,  and  generally  without 
mixture.  One  objectionable  feature  of  some  finishing  loam 
mixtures  lies  in  their  closing  up  the  pores  of  the  under 
coarse  mixture  and  leaving  the  surface  of  the  mold  hard, 
dense,  and  liable  to  cause  scabs. 

103*  In  some  localities,  sand  for  making  coarse  loam 
mixtures  that  will  permit  of  using  fine,  close,  finishing  mil- 
ture  over  them  cannot  be  obtained,  hence  the  latter  are 
omitted  entirely  and  the  coarse  mixtures  are  taken  and 
thinned  down  sufficiently  to  pass  through  a  sieve,  using  all 
that  will  run  through  it  for  a  finishing  loam.  Again,  some 
localities  will  have  such  weak  loam  that  the  molders  must 
strengthen  their  finishing  loam  by  wetting  it  with  clay 
washes  and  beer.  In  making  mixtures  of  loam,  it  is  always 
advisable  not  to  combine  sands  that  are  very  different  in 
grain,  since  the  nearer  in  grain  the  different  sands  are,  the 
closer  they  are  to  a  natural  loam.  To  give  an  idea  of  mixing 
loams  and  of  combinations  to  use  in  different  localities,  tb^ 
following  receipts  arc  presented. 


RRCICIPTH   FOR   I.OAM   MIXTUKBS. 

1 04.  A  mixture  that  can  be  made  in  the  sections  border- 
ing on  the  Great  Lakes  is  given  in  receipt  No.  1.  A  finishing 
loam  for  this  mixture  can  be  obtained  by  screening  thesam^ 
mixture  through  a  No.  8  sieve.  This  mixture  is  used  fo^ 
castings  ranging  from  1  to  4  inches  in  thickness.     Receipt 
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No.  2  is  for  making  thin  castings,  such  as  pulleys,  etc.,  and 
also  for  thin  portions  of  large  castings.  Sometimes  it  is 
advisable  to  add  sea  coal  to  such  mixtures,  as  it  aids  in 
giving  a  more  open  texture.  Receipt  No.  3  is  for  localities 
where  good  grades  of  regular  loam  sand  are  unobtainable. 
This  mixture  may  be  used  for  ordinary  castings.  Receipt 
No.  4  is  one  used  in  the  East,  and  makes  an  excellent  mixture 
for  general  castings. 

105.  Receipt  No.  1.  —  Mix  1  part  of  dried  horse 
manure  with  2  parts  of  lake  sand  and  add  4  parts  of  a  good 
grade  of  loam  sand.     Wet  with  medium-thick  clay  wash. 

Receipt  No.  2. — Mix  1  part  of  dried  horse  manure  with 

1  part  of  old,  burned  loam  and  add  2  parts  of  lake  sand  and 

2  parts  of  fair  loam  sand.     Wet  with  very  thin  clay  wash. 
Receipt  No.  3. — Mix  4  parts  of  molding  sand  with  5  parts 

of  bank  sand.  For  every  20  parts  of  this  mixture  add  1  part 
of  dried  and  sifted  fireclay;  for  every  G  parts  of  the  mixture 
add  1  part  of  dried  horse  manure,  and  for  every  20  parts 
add  1  part  of  sea  coal.     Wet  with  fair  clay  wash. 

Receipt  No.  4. — Mix  1  part  of  white  pine  sawdust  with 
1  part  of  dried,  sifted  fireclay,  and  1  part  of  molding  sand, 
and  4  parts  of  fire-sand.     Wet  with  thin  clay  wash. 

106«  The  lake  sands  used  in  the  above  mixtures  should 
be  coarse  and  free  from  fine  dust  or  foreign  material. 
When  none  of  these  receipts  are  used  for  a  finishing 
loam,  because  of  a  finer  material  being  available,  then  the 
loam  and  molding  sands  will  be  taken  separately,  sifted 
finely,  and  wet  with  water,  clay  wash,  or  beer,  according  to 
the  character  of  the  sand  and  the  condition  of  the  coarse 
loam.  In  making  mixtures,  it  is  to  be  remembered  that 
those  made  from  open  sand  having  a  good  body  are  better 
than  those  made  from  close-grained  sand.  In  making  these 
loam  mixtures,  the  sand  is  generally  mixed  in  a  dry  state  on 
the  floor.  It  is  then  removed  to  an  iron  bench  to  be  wetted 
and  the  mixture  is  threshed,  the  latter  being  dune  by  a  man 
using  a  ^-inch  or  ^-incli  rod  from  4  to  (5  feet  long.  This  is 
done  by  raising  the  rod  a  couple  of  feet  above  the  bench 
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and  bringing  it  down  with  sufficient  force  to  cut  through 
the  mixture  and  strike  the  bench  with  some  force.  This 
action  separates  a  portion  of  the  mixture  at  every  stroke 
and  is  generally  repeated  two  to  three  times  over  the  mass, 
which  will  be  spread  over  the  bench  to  a  depth  ranging  from 
2  to  3  inches.  This  beating  action  is  necessary  to  give 
toughness  and  strength  to  the  loam,  especially  where  differ- 
ent grades  of  sand  are  combined,  as  it  brings  them  to  a 
condition  approaching  natural  loam.  The  horse  manure  is 
dried  on  plates  or  in  ovens,  then  riddled  through  a  ^inch 
riddle  before  mixing  with  the  sand. 


MAKING  CHILLED  CASTINGS. 


INTROnUCTION. 

107.     The  manufacture  of  chilled   cast! oga  has  cost 
founders  more  money,  time,  and  labor  to  bring  to  a  success- 
ful stage  than  any  other   branch    of   founding.      The  dif- 
ficulties  experienced  were  in   preventing  the  chilled  parts 
from  checking  or  cracking,  and  also  in  obtaining  the  right 
character  and  depth  of  chill.      The  factors  that  affect  the 
character  and  depth  of  chill  are:  the  nature  of  the  iron  used, 
the  thickness  of  the  iron  mold,  and  the  pouring  tempera- 
ture of  the  metal.     The  first  factor  will  be  described  later  in 
the  part  treating  of  the  effect  of  different  impurities  on  iron. 
The  effect  that  variations  in  the  pouring   temperature  has 
on  the  thickness  of  the  chill  is  treated  farther  on. 


CONSTRUCTION   OF  CHILLS. 

1  08.     In  makinj^  cliills,  as  the  iron  mold  /?,  Fig.  3S, '^ 
called,  a  quality  of  iron   that   possesses  both   strength  an* 
ductility  to  allow  for  alternate  expansion  and  contractu'" 
should  be  used;  if  other  grades  are  used,  they  will  not  la-** 
long,  perhaps  not  more  than  one  heat.     Chills  intended  io 
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rolls  that  aru  lonji  in  the  body  are  often  cast  in  sections 
joined  as  at  b.  Fig.  39.  Flanges  c  (see  Fig.  39)  are  pro- 
vided for  the  iHirpose  of 
holting  the  sections  to- 
gether great  rare  must 
t)L  evcrcised  in  turning 
up  the  faces  of  such  sei:- 
tnns  so  as  to  make  the 
J  >mt  lir-tight,  since  if 
there  ^^c  any  openings 
at  these  j<iinls,  they  will 
lause  chill  cracks  and 
spoil  the  casting.  When 
practicable,  it  is  better 
to  make  the  chill  a  in 
one  piece,  as  in  Figs.  38 
and  4(1,  instead  of  in  sec- 
tions, as  in  Fig.  39.  The 
inside  surf.icc  of  a  chill 
must  he  finished  as  true 
and  smi)oth  as  possible 
in  the  lathe,  and  care 
taken  to  prevent  the  fin- 
ished surfaces  from  rust- 
ing through  exiK.sure  to 
ilampncss.  When  chills 
are  not  in  regular  use, 
tiicir  surfaces  sIkhiUI  be 
C')ated  with  some  good  oil 
or  grease,  which  must  he 
ruhhed  off,  however,  be- 
fore again  using  the  chill 
for  casting  purposes. 


I09.  The  Ihii-kcr  the  body  of  a 
must  he  the  tliickncss  of  the  chill;  n 
pose  of  resisting  ihe  lurad  i>ressurc 
to  provide  ahody  nf  metal  that  willr: 


ling  is,  the  grcalet 
'1  nun'h  fur  the  jiur- 
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the  molten  iron  and  tbus  chill  the  surface  of  the  casting, 
and  also  to  prevent  the  chill  itself  from  cracking  when 
suddenly  heated. 


FlO.  A  Via.  «. 

no.  The  table  below  gives  the  thickness  of  chills  f« 
rolls  ranging  from  4  inches  to  .W  inches  in  diuineier,  and 
varying  in  length  from  'i  fcit  in  their  chilled  section  up  to 
the  size  required  for  the  common  length  of  rolls,  lt»il' 
be  noticed  In  the  table  that  for  rolls  more  than  9  inche 
in  diameter,  an  increase  of  f  inch  in  the  thickness  of  ill* 
chill  is  allowed  for  every  inch  increase  in  diameter  of  tlit 
roll.  Thus,  in  Fig.  ^8,  the  diameter  ti  is  18  inches;  hence, 
the  thickness  r  of  the  chill  i  is  3|  +  (9  X  f)  =  Cj  inches. 
In  Fig.  39,  the  diameter  (/  is  1-1  inches,  and,  therefore, '  i* 
3^  +  {5  X  g)  =  5i  inches.  If  the  body  of  a  chill  were  made 
too  light,  the  chill  would  be  in  danger  of  cracking  wh^ 
suddenly  heated. 
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TABLE  OF  THICKIVHSS  OF  CUILLS  FOR  ROLLS. 


Diameter 

Thickness 

Diameter 

Thickness 

Diameter 

Thickness 

of  Roll. 

of  Chill. 

of  Roll. 

of  Chill. 

of  Roll. 

of  Chill. 
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Inches. 

Inches. 

Inches. 

Inches. 

Inches. 
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28 
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H 

21 

n 

30 

lU 

MAKING    A    CHILLEn    ROLL. 

111,  Fig.  38  (a)  shows  a  mold  ready  for  casting; 
Fig.  38  (d)  gives  a  view  taken  on  the  line  of  joint  c'  e'  of 
view  (a).  In  starting  to  mold  such  a  roll  as  here  shown, 
the  mold  board  /  shown  in  Fig.  38  (c)  is  first  set  upon  solid 
ground,  and  the  neck  pattern  ^  of  the  roll  is  then  put  in 
place  as  shown;  this  being  done,  the  section  //  of  the  flask, 
Fig.  38  (rt),  is  set  on  the  mold  board  with  its  projection  fit- 
ting into  the  grooves  /,  /,  which  serve  to  keep  it  central. 
The  section  //  being  rammed  up  and  a  joint  having  been 
made,  the  bottom  part  j  of  the  flask  is  set  upon  this  section 
and  rammed  up.  The  bottom  plate  /r  being  next  set  on 
and  clamped,  the  whole  arrangement  is  rolled  over,  the 
pattern  drawn,  the  mold  finished,  the  middle  section  // 
lifted  off,  and  a  whirl  gate  ;/ ;/  made  as  shown  in  Fig.  38  {/f). 

112.  In  the  molding  of  chilled  rolls,  it  is  always  very 
important  to  attach  whirl  gates,  so  that  when  the  metal 
enters  the  mold  it  will  do  so  with  a  whirling  motion,  which 
will  cause  all  the  dirt  to  gather  in  a  body  in  the  center  of 
the  casting,  and  thus  bring  it  up  into  the  top  feeding  head 
and  give  the  chill  a  face  free  from  dirt.      If  it  were  not  for 


66  FOUNDRY  WORK.  §37 

such  whirl  gates,  the  dirt  would  be  more  or  less  apt  to  go  to 
the  outer  body  of  the  casting  and  form  dirt  holes  or  defects 
that  would  condemn  them. 

113.  The   molds  for  both  chilled  rolls  and  sand  rolk 
arc,  as  a  rule,  made  in  dry  sand;  the  methods  of  ramming, 
venting,  finishing,  Dlackcning,  and  drying  are  the  same  as 
with  all   dry-sand   molds.     The  upper  neck   of   the  roll  is 
rammed  in  the  same  manner  as  the  lower  neck  just  described. 
The  surface  of  the  chill  may  with  advantage  be  heated  in  an 
oven  or   by  a  fire   inside  the  chill  to  a  temperature  from 
100°  to  200"  F.  before  closing  the  mold  for  casting.    Asa 
rule,  it  is  advisable  to  coat  the  surface  of  the  chill  with  a 
thin  solution  of  blacklead  and  molasses  water,  about  J  pint 
r)f  molasses  to  a  pail  of  water,  the  amount  depending,  how- 
ever, on  the  strength  of  the  molasses.     If  the  solution  is  too 
strong  in  molasses,  the  fact  will  be  evident  by  the  crack- 
ing or  checking  of  the  blackening  when  dried.     Care  must 
be  taken  in  using  this  wash  for  the  surface  of  chills,  since 
too  strong  or  gaseous  a  material  may  have  a  worse  eflfeci 
tlian  if  nothing  at  all  were  used.      Light  oils  are  sometimes 
used  instead  of  blackening  for  the  surface  of  chills,  but  in 
that  case  care  must  be  exercised  to  have  just  as  thin  a  coat 
of  it  on  the  chill  as  is  practicable,  since  a  heavy  coating  of  ou 
will  create  gas,  and  thus  throw  the  metal  back  from  the  face 
of  the  chill  as  it  rises  in  the  mold,  the  result  being  rougT^ 
and  colii-slnit  spots  on   the    surface  of  the   casting,  whi^* 
wcnild  condemn  it. 

114.  It  is  best  to  have  the  chills  at  a  warmer  temperate  ^ 
than  the  atmosphere  when  about  to  cast.  In  making  the  fLi'" 
ner  /and  pouring  basin  ;;/,  shown  in  Figs.  38  and  39,  asmLi*-^ 
care  is  necessary  as  in  the  construction  of  the  mold.  Ttie^J 
are  made  of  dry  sand  and  then  black- washed  in  the  sari''* 
way  as  the  mold.  The  projection  /,  Fig.  38,  serves  to  r^" 
(luce  the  size  of  the  feeding  head  at  its  junction  with  the 
nc(  k  of  the  roll,  and  thus  permit  its  being  broken  off  w/tn 
a  sled<2^c;  however,  to  insure  a  more  solid  casting,  the  i/5<ia/ 
practice  nowadays  is  to  make  the  feeding  head  of  ihesam^ 
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diameter  as  the  neck  of  the  roll,  it  being  cut  off  in  the  lathe 
when  finishing  the  casting. 

115.  The  completeness  of  detail  of  Fig.  38  will  make 
clear  the  processes  of  closing,  clamping,  etc.  in  getting  the 
molds  ready  for  casting.  The  object  of  the  little  depressions 
at  o  and  o\  Fig.  38,  is  merely  to  furnish  pieces  on  the  casting 
about  1  inch  deep  by  f  inch  thick,  which  may  be  knocked 
off  to  show  the  depth  of  chill  in  the  roll  before  it  is  accepted  or 
placed  in  the  lathe.  In  order  to  free  the  runner  /  and  ba- 
sin m,  the  runner  casing  is  made  in  sections.  The  contraction 
of  the  casting  permits  its  easy  removal  from  the  chill  after 
the  cope  q  has  been  removed.  Chilled  castings  are  gener- 
ally not  removed  from  their  mold  until  they  have  cooled 
down  to  a  temperature  below  what  would  show  a  red  heat 
in  the  dark;  it  is  better,  where  possible,  to  leave  them  until 
they  are  nearly  as  cool  as  the  atmosphere. 

116.  Vertical  contraction  of  the  body  of  the  roll  in 
cooling  has  often  caused  trouble  by  pulling  the  upper  neck 
off  or  else  causing  invisible  cracks  that  have  caused  it  to 
break  when  put  into  use.  Different  methods  of  guarding 
against  this  trouble  have  been  adopted.  Fig.  30  illustrates 
the  method  originated  by  Mr.  John  E.  Parker,  of  Beloit, 
Wisconsin.  His  plan  is  to  make  a  cast-iron  sleeve  s  about 
f  inch  thick,  which  sleeve  is  turned  on  the  outside  so  as  to 
fit  easily  into  the  chill  to  a  distance  varying  from  G  to  20 
inches,  according  to  the  length  of  the  roll  desired.  The 
upper  neck  of  the  roll  is  molded  in  this  sleeve  in  the  ordi- 
nary manner.  In  closing  the  mold,  the  height  of  the  neck 
desired  is  regulated  by  placing  in  position  three  blocks- r 
or  three  jack-screws  r'.  These  blocks  can  be  either  of 
iron  or  wood,  their  length  being  made  to  suit  the  re- 
quirements. The  neck  mold  or  sleeve  is  held  in  place  by 
bolts  /,  /.  After  the  mold  has  been  cast,  the  sustaining 
blocks  r  or  r'  arc  removed,  after  which  the  nuts  on  the 
bolts  /,  /  are  tightened  occasionally  so  as  to  compel  the 
sleeve  s  to  follow  the  contraction  that  takes  place.  Of 
course,    the    screws    are    not    tightened    until  solidification 
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begins.  The  design  of  the  flask  and  the  method  of  molding 
shown  in  Fig.  39  are  in  accordance  with  the  most  advanced 
ideas  in  the  matter  of  molding  chilled  rolls. 

117.     Another  difficulty  experienced  in  casting  chilled 
rolls  and  work  of  similar  character  (car  wheels,  for  instance), 
is  in  obtaining  an  even  depth  of  chill  all  around  the  outer 
surface  of   the   casting,    which    is  an  item  of  considerable 
importance  in  some  classes  of  work.     In  Fig.  40  is  shown  a 
method  used  by  the  Lewis  Foundry  and  Machine  Company, 
of  Pittsburg,  Pennsylvania,  with  a  view  to  obtaining  a  uni- 
formly chilled  roll.     The  principle  involved  is  that  as  the 
roll  contracts  lengthwise,   the  grooves  g  will  compel  the 
casting  to  remain  central   in  its  mold,  so  that  the  chill  can 
have  the  same  cooling  effect  all  over  the  body  of  the  cast- 
in-?.     This  is  further  accomplished  by  grooving  or  other- 
wise fixing  the  parts  of  flasks  or  chills  that  hold  the  bottwn 
and   top  necks  so  that  they  cannot  move  from  their  connec- 
tions with  the  chill;  the  sand  is  also  of  k  solid,  firm  charac- 
ter, so  as  not  to  allow  sufficient  burning  action  to  occur  to 
permit  the  bottom  or  top  necks  of  the  rolls  moving  out  of 
their  pr  sit  ion.      Fig.  40  also  gives  a  good  idea  of  the  for- 
mation of  chills  and  of  the  methods  of  molding  and  casting 
chilled   rolls.      It  also  shows   how   rolls   will  settle  down  in 
contracting  lengthwise. 


MAKING   A   CHILLBT)  CAR  ^'HRBL. 

118.  In  casting  chilled  car  wheels,  it  is  desirable  to  ob- 
tain an  even  depth  of  chill.  To  insure  this,  some  people 
use  what  are  called  contracting;;  chilln,  which  are  so  con- 
structed that  as  the  wheel  contracts,  the  chill  closes  in  to 
keep  in  close  contact  with  the  casting;  such  a  chill  has  been 
patented  by  A.  Whitney  &  Son,  of  Philadelphia,  Pennsyl- 
vania.  The  general  practice  is  to  use  solid  chills,  as /J  lO 
Fig.  41,  ranging  in  thickness  from  4  to  5  inches.  Trun- 
nions are  cast  on  these  chills  to  handle  them  by;  trunnions? 
arc  also  cast  on  the  chill  shown  in  Fig.  40.     The  cope  ^  ana 
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Lowel  j  are   guided  . 
lowel-pins  and  plates. 

119.     The  wheels  are  molded  in  green  sand  in  the  usual 
fay,    and   are   tlien    cast    by  having  metal   poured   into  a 


basin  tn,  which  Sows  into  the  mold  through  gates  /,  /. 
The  depth  of  the  chill  on  the  tread  a'  of  the  wheel  generally 
ranges  from  \  inch  to  }  inch;  it  should  be  very  hard,  to 
withstand  the  usage  encountered  in  railroad  service. 

12<l.  After  the  wheels  have  solidified,  they  are  taken 
from  the  mold  and  put  into  annealing  pits  holding  eight  or 
more  of  thern.  The  wheels  are  left  in  the  annealing  pits 
for  2  or  3  days,  after  which  they  are  hoisted  out  and  cleaned. 
This  annealing  is  done  for  the  purpose  of  relieving  the 
wheel  of  Internal  strains  and  thus  prevent  its  cracking 
when  ill  use.  After  the  wheels  are  cleaned,  they  are  in- 
spected by  railroad  officials;  one  wheel  is  taken  out  of 
every  batch  of  fifty  and  is  subjected  to  standard  thermal 
and  drop  tests  to  prove  its  fitness  for  acceptance.  If  the 
one  wheel  of  the  batch  Stands  the  test,  the  whole  batch  is 
then  accepted.  If  it  does. not,  another  is  selected  and  tested, 
and  if  this  second  wheel  also  fails,  the  whole  batch  is  con- 
demned. The  casting  of  car  wheels,  like  that  of  chilled  rolls, 
has  been  brought  to  its  present  standard  of  efficiency  only 
after  the  expenditure  of  much  time,  money,  and  labor  on 
the  part  of  the  founder. 
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CUPOLA   PRACTICE. 


APPLIANCES  USBI>   FOU   MCL.TING   IRON. 

1.  Kinds  of  Meltinii^  Appliances. — There  are  two 
distinct  forms  of  furnaces  used  for  nieltinjj  iron.  One 
called  a  cupola  furnace,  is  shown  in  Figs.  1,  2,  3,  and  4; 
in  this  furnace  the  iron  and  fuel  are  charged  together. 
The  other  device  is  called  a  reverberatory  or  air  fur- 
nace, and  in  it  the  iron  and  fuel  are  charged  in  separate 
chambers.  The  cupola  furnace,  or  **  cupola,"  is  the  more 
convenient  and  economical  one  for  melting,  and  is  the 
furnace  generally  used.  While  this  statement  is  true  in 
general,  there  are  conditions  under  which  the  cupola  is  less 
effective  than  the  air  furnace.  These  conditions  exist  where 
the  strongest  grades  of  cast  iron  are  desired,  or  where  large 
bodies  of  scrap  iron,  such  as  anvil  blocks,  pieces  of  large 
rolls,  or  cannon,  are  to  be  melted,  or  where  it  may  be  de- 

•  sirable  to  obtain  large  bodies  of  metal  at  one  tapping. 

2.  Operating  a  Cupola. — There  is  much  more  ex- 
perience, skill,  and  care  required  in  melting  iron  in  an  air 
furnace  than  in  a  cupola.  There  are  many  instances  on 
record  of  foundries  when  first  starting  to  use  air  furnaces 
making  failures,  leaving  them  with  the  furnaces  to  tear 
down  and  large  bodies  of  solidified  iron  to  break  up  with 

Copyright,  1901,  by  Thk  Coi.i.ikky  Knginkkr  Cumi'any. 

Entered  at  Statitmers'  Hall,  London. 

All  rights  reserved. 


FOUNDRY  WORK. 


538 


dynamite  or  to  bury  in 
the  ground.  With  cupo- 
las the  risks  to  be  ma 
are  not  so  great.  If  tbe 
heat  fails  to  be  successful 
in  a  cupola,  the  damage 
is  generally  very  small 
compared  with  what  it 
may  be  in  the  air  fur- 
nace. For  this  reason,  it 
is  safer  to  operate  a  cu- 
pola than  an  air  furnace, 
and  in  fact,  with  a  study 
of  the  principles  involved 
in  the  management  of 
cupolas  and  a  chance  to 
use  them,  any  fairly  in- 
telligent person  should, 
after  a  little  experience, 
become  proficient  in  oper- 
ating them. 


3.     The  modern  cupo-    | 
la,  shown  in  persjietiiK 
in   Fig.  1,   is  oonstruded 
of    sheet    iron  or  Iwilf  f 
iron,  ranging  from  jV"" 
to  I  inch  in  thickness.    I 
has  a  wind  belt  ti,  andon 
or  more  rows  of  tuyerf^  J 
oropeningsfromlhewi"*  j 
belt  to  the  inside  ofilf  [ 
cupola.     Opposite  t 
yeres  there  are  hold  "  I 
the  wind   belt,  as  short  I 
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at  b.  By  uncovering  these  holes  a  bar  may  be  introduced 
to  clean  the  tuyeres,  or  the  condition  of  the  inside  of  the 
cupola  may  be  observed  through  small  mica-covered  open- 
ings in  the  covers  of  the  holes.  The  cupola  also  has  a  drop 
bottom,  which  is  shown  at  d.  Cupolas  are  made  from 
22  inches  to  100  inches,  inside  diameter,  and  generally  have 
stacks  of  t*he  same  diameter  as  the  portion  below  the  char- 
ging door  e^  as  shown  in  Fig.  1. 

4.  The  larger  a  cupola  is  in  diameter,  the  higher  it  can 
be  made,  as  a  rule.  The  height  of  a  cupola  is  generally 
considered  to  be  the  distance  from  the  bottom  plate/",  Fig.  1, 
up  to  the  sill  of  the  charging  door,  and,  ordinarily,  the 
height  to  the  charging  door  should  be  3^  times  the  inside 
diameter  for  cupolas  between  30  inches  and  40  inches,  ancj 
from  this  up  to  CO  inches,  3  times  the  diameter,  and  so 
on  according  to  size.  The  chief  part  of  a  cupola  is  that 
part  below  the  level  of  the  charging  door;  that  above  it  is 
merely  for  draft  and  to  convey  the  sparks,  gases,  and  smoke 
up  above  the  shop  roof,  so  that  they  may  be  discharged  into 
the  atmosphere  clear  of  the  building. 

5.  CofiHtructinii:  the  Charginj;  Door.  —  In  con- 
structing the  charging  door,  one  plan  is  to  have  flanges  //,  //, 
Fig.  2,  projecting  inwards  about  2  inches  around  the  cir- 
cumference, so  that  the  interior  may  be  lined  with  firebrick 
or  fireclay.  A  large  number  of  charging  doors  are  made 
plain ;  that  is,  without  any  fire  protection.  It  is  desirable 
that  the  interior  of  cupolas  be  provided  with  angle  irons, 
as  k,  /,  and  ///,  Fig.  2.  These  sup'port  the  bricks  of  one  sec- 
tion while  another  may  be  torn  out  to  be  relined  or  repaired. 

6.  Wind  Belt.— The  wind  belt  a.  Figs.  1  and  2,  should 
])e  of  such  form  as  to  have  its  cross-section  equal  in  area  to 
that  of  all  the  tuyeres  to  which  that  special  section  will 
have  to  carry  blast.  In  constructing  cupolas,  peek  and  poke 
holes  ought  to  be  placed  at  the  lower  tuyeres,  as  at/.  Fig.  2. 
These  permit  the  progress  of  the  melting  to  be  watched,  and 
also  the  tuyeres  to  be  opened  to  permit  the  blast  to  reach 
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the  incandescent  fuel,  should  the  tuyeres  become  chil 
closed  up.     It  is  well,  also,  to  have  the  wind  belt  arr. 


so  that  a  portion  of  the  side  or  bottom  can  be  remoif" 
t;ike   away  any  slag   or   iron    that   might  run  oiH  "/  ' 
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tuyeres  into  it,  which  is  liable  to  happen.  The  iron  for 
forming  the  wind  belt  may  range  from  ^  inch  to  ^?j-  inch  in 
thickness. 

7.  The  wind  belt  around  the  cupola  can  be  cut  off  or 
narrowed  down  at  the  front  or  spout,  or  else  it  may  be 
built  with  an  opening,  as  in  the  new  Paxson  Colliau 
cupola,  shown  in  Fig.  1.  This  form  of  construction  is  also 
necessary  at  the  rear,  where  slag  holes  are  required.  The 
foundation  plate/.  Figs.  1  and  2,  is  generally  made  of  cast 
iron,  and  ranges  in  thickness  from  1  inch  to  3  inches,  accord- 
ing to  the  size  and  weight  of  the  cupola.  The  supporting 
columns  s,  s,  under  the  cupola,  should  extend  below  the 
level  of  the  floor  from  1  to  2  feet,  and  should  rest  on  a  solid 
stone  or  brick  foundation,  or  on  large,  stout  plates,  as  r,  r 
in  Fig.  2. 

TUYERES. 

8.  Tuyeres  are  the  openings  that  convey  the  blast  from 
the  wind  belt  a  to  the  interior  of  the  cupola.  They  are 
shown  at  /  in  Fig.  2.  A  cupola  intended  to  use  coke  for 
fuel  ought  to  possess  a  larger  tuyere  area  than  one  intended 
to  use  coal ;  coke  and  coal  are  the  two  classes  of  fuel  gen- 
erally used  for  melting  iron  in  cupolas.  The  larger  area  in 
tuyeres  for  coke  melting  is  necessary  because  of  its  greater 
tendency  to  chill  and  also  because  it  burns  quicker  than 
coal.  When  the  fuel  chills  at  the  tuyeres,  it  closes  the 
openings  to  a  greater  or  less  degree,  because  of  the  dropping 
slag  and  metal  falling  on  the  chilled  fuel  becoming  chilled 
also,  and  this  falling  between  the  openings  of  the  fuel 
rapidly  closes  up  the  entrance  to  the  cupola. 

9.  Tuyeres  have  been  constructed  of  nearly  every  con- 
ceivable form,  but  modern  practice  has  narrowed  them  down 
to  rectangular  ones,  as  shown  in  Fig.  2,  or  to  circular  ones. 
It  is  a  good  i)lan  to  have  the  tuyeres  widen  horizontally 
from  the  shell  of  the  cupola  to  the  face  of  the  lining.  The 
combined  area  of  all  tuyeres  in  a  cupola  at  their  smallest 
section  should  not  be  larger  than  25  per  cent.,  or  smaller 
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than  15  per  cent.,  of  the  cupola's  inside  sectional  area.  This 
rule  includes  the  upper  as  well  as  the  lower  tuyeres.  The 
longer  the  cupola  is  intended  to  be  in  blast  at  each  heat,  the 
larger  a  tuyere  area  it  should  possess. 


HEIGHT  OP  TUYBRBS. 

1 0.  The  height  of  tuyeres  above  the  bottom  is  dependent 
on  two  conditions.    The  first  condition  is  the  length  of  time 
a  cupola  is  intended  to  be  in  blast  at  each  heat.    The  second 
condition  is  controlled  by  the  greatest  amount  of  iron  that 
may  be  required  at  any  one  tapping  of  the  cupola.    The 
majority  of  cupolas  run  from  but  1  to  3  hours  per  heat,  and 
the  iron  may  be  let  out  as  fast  as  it  melts  by  having  an  open 
tap  hole,  or  by  tapping  it  at  short  intervals.     With  such 
cupolas  in  foundries  where  coke  is  used,  the  tuyeres  can  be. 
placed  from  10  inches  to  20  inches  above  the  foundation  plate, 
and  from  8  inches  to  16  inches  with  coal,  measuring  to  the 
under  side  of  the  tuyeres.      Where  cupolas  are  run  o?er 
3  hours,  or  larger  bodies  of  metal  are  desired  at  one  tap 
than  can  be  held  in  low-tuyere  cupolas,  then  higher  tuyeres 
are  used. 

1 1 .  The  reason  that  higher  tuyeres  assist  in  running 
long  heats  is  that  they  admit  of  a  greater  space  below  the 
level  of  the  tuyeres  to  contain  the  slag  and  other  refuse 
matter  that  comes  from  the  fuel  and  iron.  As  an  example, 
cupolas  for  melting  iron  at  steel  works  that  run  day  and 
night  for  a  whole  week  must  have  high  tuyeres.  In  order  to 
assist  in  obtaining  long  heats,  some  steel  works  use  upper 
tuyeres  in  connection  with  lower  ones. 


HEIGHT  ANn  POSITION  OF  SLAG  HOLES. 

12.  In  cupolas  made  to  run  long  heats,  the  bottom « 
the  lower  tuyeres  are  generally  from  30  inches  to  60  inches 
above  the  foundation  plates.  This  height  admits  of  placmHf 
the  slacr  hole  10  inches  to  15  inches  below  the  level  of  the 
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bottom  of  the  lower  tuyeres.  Being  able  to  place  a  slag 
hole  such  a  distance  below  the  tuyeres  prevents  the  slag  or 
residue  from  raising  up  to  a  point  where  the  influence  of 
a  cold  blast  can  have  any  effect  in  chilling  them  and  so  re- 
tarding their  free  discharge  from  the  cupola  during  the 
process  of  melting.  Where  the  top  of  the  slag  holes  comes 
within  2  inches  to  3  inches  of  the  bottom  of  the  tuyeres,  the 
slag  must  raise  up  so  close  to  the  cold  blast  before  it  can 
escape  that  it  will  be  chilled  or  thickened  to  such  a  degree 
that  it  cannot  flow  freely  from  the  slag  hole.  This  thick- 
ening of  the  slag  at  the  level  of  the  slag  hole,  caused  by 
the  cold  blast  chilling  it  and  so  preventing  its  free  escape 
from  the  cupola,  may  cause  it  to  rise  rapidly  to  the  level  of 
the  tuyeres,  where  it  may  then  be  so  thoroughly  chilled  as 
to  completely  close  the  space  between  the  pieces  of  fuel 
facing  the  tuyeres,  and  so  allow  little  or  no  blast  to  enter 
the  cupola. 

13.  The  whole  secret  of  steel  works  or  foundries  running 
long  heats  lies  in  removing  the  slag  or  refuse  from  the  body 
of  incandescent  fuel  before  it  can  reach  a  level  where  the 
cold  blast  as  it  enters  can  have  any  chilling  effect  on  it. 
The  objections  to  high  tuyeres  are  that  the  cupola  requires 
more  fuel  than  one  using  low  tuyeres,  since  the  fuel  below 
the  level  of  the  bottom  tuyeres  is  of  little  value  in  increas- 
ing the  heat  above  the  bottom  tuyeres,  where  the  melting 
takes  place,  and  also  a  cupola  having  very  high  tuyeres 
cannot  produce  as  hot  or  fluid  iron  as  one  having  lower 
tuyeres. 

14.  It  will  be  seen  by  what  has  been  said  that  unless 
high  tuyeres  are  a  necessity  to  give  a  good  position  to  the 
slag  holes,  greater  economy  in  the  use  of  fuel  when  run- 
ning small  heats  and  hotter  iron  can  be  obtained  by  placing 
them  as  low  as  possible.  In  locating  slag  holes,  they  should 
be  placed  on  the  side  opposite  to  the  spout  or  tap  hole,  and 
between  the  tuyeres,  so  that  should  the  slag  come  up  suffi- 
ciently near  the  level  of  the  tuyeres  to  be  affected  by  the 
blast,  it  cannot  influence  its  free  discharge,  as  would  happen 
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were  the  slag  hole  placed  right  under  a  tuyere.  A  slag  hole 
is  formed  in  a  cupola  by  placing  a  S-inch  round  gate  stick  in 
a  4-inch  to  5-inch  square  or  round  hole  made  in  the  brick 
lining,  and  packing  damp  clay  around  the  stick  to  form  a 
hole  of  the  form  shown  at  q^  Fig.  2.  A  small  spout  i  is 
necessary  in  front  of  the  slag  hole  q  to  carry  off  the  slag. 


UPPER  TUYBRB8. 

16.     Upper  tuyeres  in  cupolas  may  be  round  or  square. 
They  can  be  placed  from  10  inches  to  16  inches  above  the 

lower   tuyeres;    the  weaker 
the      blast      pressure,     the 
nearer  to  the  lower  tuyeres 
should  they  be  placed.    Up- 
per   tuyeres   should   be  set 
slanting  a  little  downwards, 
so    as    to    throw  the   Uas^ 
toward    the    lower  tuyeres; 
this  also  prevents  any  metal 
running  into  the  upper  tu- 
yeres as  it  trickles  down  fronci 
the  melting  point.     The  up- 
per tuyeres  combined  should 
possess  an  area  of  from  two- 
tenths     to    three-tenths   as 
much  as   that   contained  in 
all  the  lower  tuyeres.    The 
greater     the     lower    tuyere 
area,  up  to  the  proper  area, 
the   greater    should  be  tie 
area  of  the  upper  tuyeres. 

16.     Some   cupolas  hare 
two  or  three  rows  of  upper 
tuyeres,    and    others  Bare 
them  arranged  in  the  ^V^ 
form  seen  in  Fig.  3,  which  is 
Fio.  8.  an  outside  view  of  a  Greiner 
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cupola.  In  this  cupola  wind  pipes  a,  by  c,  d^  c,fy  etc.  convey 
the  air  to  the  upper  tuyeres,  which  are  located  at  a\  b\  c\  etc. 
The  lower  tuyeres  receive  the  air  from  the  wind  belt  g.  The 
manufacturer  of  this  cupola  claims  that  a  great  saving  in 
fuel  is  effected  by  the  spiral  system  of  upper  tuyeres  shown. 
It  is  best  to  have  some  arrangement  of  valves  whereby  the 
blast  entering  the  upper  tuyeres  can  be  reguhitedor  shut  off 
entirely,  as  may  be  convenient ;  furthermore,  it  saves  the 
lining  of  cupolas  if  the  blast  entering  the  upper  tuyeres  can 
be  shut  off  entirely  at  the  close  of  a  heat. 

17.  While  it  is  admitted  that  properly  arranged  upper 
tuyeres  save  fuel  and  also  increase  the  speed  of  melting,  as 
well  as  assist  in  extending  the  length  of  heats,  a  drawback  to 
the  use  of  upper  tuyeres  is  found  in  the  fact  that  they  cause 
the  lining  of  the  cupola  to  burn  out  faster  than  where  they 
are  not  used.  Some  founders  recognizing  this  have  closed 
up  all  their  upper  tuyeres  in  the  belief  that  they  lost  more  in 
daubing  clay  and  firebricks  than  they  saved  in  fuel.  Where 
daubing  clays  are  expensive  and  the  linings  are  cut  out 
badly  by  the  use  of  upper  tuyeres,  this  may  be  a  good  prac- 
tice to  follow.  Nevertheless,  by  carefully  regulating  the 
volume  of  blast  allowed  to  pass  through  the  upper  tuyeres 
they  will  usually  be  found  to  be  beneficial. 


CBNTCR  TUYBRBS  IN  LARGB  CUPOLAS. 

1 8.     In  Fig.  4  is  shown  We»t'»  center-blast  cupola. 

Users  of  this  device  in  large  cupolas  have  found  that  it 
saves  fuel,  increases  the  speed  of  melting  and  the  fluidity 
of  the  metal,  and  also  saves  the  linings  and  decreases  the 
labor  in  picking  out  and  operating  the  cupola.  It  is  mainly 
in  cupolas  above  00  inches  inside  diameter  that  center  tu- 
yeres prove  advantageous. 

19»  The  difficulty  that  occurs  in  trying  to  use  center- 
blast  tuyeres  having  a  cap  as  a  on  them,  lies  in  the  difficulty 
of  protecting  the  points  b,  b  against  being  broken  by  the 
friction  of  the  fuel  and  iron  in  passing  downwards  during  the 
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melting  operation.  All  that  is  required  to  overcome  this  is 
to  have  the  iron  cap  p  studded  with  fingers  or  prickers  on 
its  upper  surface,  which  project  outwards  about  }  inch,  and 
then  when  daubing  the  covering  cap  with  fireclay  (common 

clay  should   not  be 
used)     to     fill    the 
spaces    between  the 
prickers     full     and 
even.    In  first  start- 
ing to  use  such  cen- 
ter tuyeres,  the  clay, 
after     having    been 
daubed    on,    should 
be  well  dried  either 
by    having   the  cap 
and  center  body  of 
the  tuyeres  placed  in 
an  oven,  or  fired  in 
the    position  shown 
in  Fig.  4  by  building 
a  small  fire  at  the 
bottom    opening  f, 
thus    causing  the 
heat  to  pass  up  through  the  tuyere  to  escape  at  the  opening 
below  the  cap.     After  the  tuyere  has  been  dried  once  before 
being  subjected  to  the  action  of  great  heat,  it  will  require 
but  little  clay  thereafter  to  patch  it  up  so  as  to  keep  it  m 
working  order  from  heat  to  heat. 

20.     Fig.  4  shows  a  sectional  view  of  the  center  tuyere 
proper.     The  rings  <*,  /are  made  of  wrought  iron  andshrunk 
on  ribs  which  are  located  about  o  inches  apart.     This  brings 
the  inside  of  the  rings  e  about  J  inch  away  from  thebody  J'- 
In  daubing  the  fireclay  over  these  rinsrs  it  should  be abt^«^ 
li  inches  outside  of  them,  which  gives  a  total  thickness  or 
3    to    4    in(^hes    of   clav,    to    i)rotect    the    tuyere  from  tne 
heat  of  the  cupola  when  melting.      The  openings  at  *  ^"' 
admitting  the  blast  should  be  from  2^  inches  to  3J  in^^^ 
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hiyli.  and  should  lie  located  about  4  inches  aljiivi;  the  level 
iif  the  lower  tuyeres  r,  r.  In  a  measure,  the  opening  of 
the  center  tuyere,  being  higher  than  the  other  tuyeres, 
serves  the  same  end  in  promoting  perfect  combustion  as 
the  outside  upper  tuyeres  in  the  common  forms.  It  is 
to  be  understood  that  the  center  tuyere  seen  in  Fig.  -1  is  a 
permanent  structure,  the  drop  doors y, /being  so  arranged 
as  to  fall  away  from  the  center  tuyere  antJ  leaving  it  in  an 
upright  position.  The  cap  a'  is  supported  by  iron  bars, 
as  J,  which  are  fastened  to  the  body  x.  The  air  enters  the 
center  tuyere  at  /. 


LIKIKG  CUPOLAS. 

21.  In  laying  bricks  to  line  a  cupola,  the  closer  the 
joints  can  be  made  the  better,  since  the  bricks  first  com- 
mence to  be  cut  or  burned  at  the  joints.  IE  the  joints  are 
open,  the  fJame  and  gases,  under  the  influence  of  the  blast, 
get  in  between  them,  causing  a  much  greater  destruction  of 
the  lining  than  if  the  joints  were  close.  The  best  of  fireclay 
should  be  used  in  laying  the  bricks,  and  in  mixing  the  clay 
with  water  it  should  be  so  thin  that  it  can  be  spread  over 
the  top  of  each  course  with  a  dipper.  In  laying  the  bricks 
on  this  grouting,  they  should  be  handled  quickly,  so  as  to 
have  them  embedded  before  the  clay  can  stiffen  much.  As 
each  brick  is  laid,  it  is  a  good  plan  to  strike  it  lightly  with  a 
hammer,  as  this  brings  it  to  a  solid  bearing  at  Ihe  ends  as 
welt  as  at  the  bottom.  Instead  of  using  a  dipper  to  spread 
the  thin  clay,  the  bricks  can  have  their  bottom  and  one  end 
dipped  into  the  clay  grouting  before  being  laid.  Another 
plan  is  to  spread  the  clay  with  a  dipper  on  the  bottom 
course  and  then  dip  the  end  of  the  brick  in  the  grouting 
before  laying  it  and  hammering  it  to  a  light  joint.  In  mix- 
ing the  clay  grouting  with  water,  it  is  best  to  boil  it  in  a 
kettle. 

22.  Some  founders,  in  order  to  cheapen  the  grouting, 
will  mix  about   1   part  of  silica,  fire,  or  other  clean  sharp 
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sand,  with  3  parts  of  clay,  but  this  ought  not  to  be  done 
unless  the  clay  is  very  rich.  In  laying  (he  bricks  they 
ought  to  be  kept  back  from  the  shell  i  inch  to  }  inch. 
This  space  is  then  filled  with  a  thin  grouting  made  of  about 
equal  parts  of  clay  and  sand  boiled  together,  since  the 
grouting  for  this  purpose  does  not  require  to  be  as  strong 
as  that  used  between  the  joints  of  the  bricks. 

23*  Cupolas  are  lined  with  single  and  double  courses  oF 
bricks.  It  is  often  better  to  line  with  double  courses,  since 
then  when  the  inner  course  burns  out  it  can  be  repl.tcd 
without  disturbing  the  outer  course  or  the  one  nearest  tlit 
shell.  By  having  an  outer  course,  the  risk  of  burning 
through  during  the  process  of  melting  is  avoided.  The 
outer  course  of 
bricks  can  be  of  a 
much  cheaper  a 
poorer  quality  thu 
the  inner  one. 

24.  Fig.5sbovi 
the  common  fonns 
of  firebrick  that 
are  used  for  lining 
cupolas.  Tbe  two 
bricks  shovn  in  | 
Fig.  5  (a)  and  (*) 
are  called  apUt 
bricks,  which  ilil- 
fer  from  the  rego- 
lar  9-inch  firebrict 
shown  in  Fig-  S  W 
in  being  thinrwr. 
The  bricks  il'i* 
trated  in  Fig.  5  (^' 
and  (<■)  are  aH^ 
side-arch  ferlcH^ 
while  the  one  «l»" 
in    Fig.    5   (/) 
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called  ii  M-cdtcc   hrlck.      Fig.  5   (g)   .iml    (//)   fihow  circle 
bricks,  anil  Fig.  5  (i)  illustrates  a  bluck  brick. 

When  circle  bricks  or  block  bricks  are  used,  they  should 
liave  a  radius  exactly  equal  to  that  of  the  cupola.  In  gen- 
eral, the  larger  sizes  of  bricks  give  the  best  service,  for 
the  reason  that  there  will  be  fewer  joints  to  be  attacked  by 
the  flame  and  heat  during  the  process  of  milking. 


OF  FIRBBHICKB. 

25.  Thf  bricks  for  the  lower,  or  melting,  portion  of 
cupolas  should  be  of  the  best  fireproof  composition,  since 
such  bricks  generally  are  softer  in  texture  than  poorerqual- 
ities.  Hard,  close,  dense  bricks  do  not  stand  long  usage  in 
the  melting  portions  of  the  cupola.  The  hard  bricks  are 
placed  above  the  melting  zone,  as  they  will  stand  the 
effects  of  the  friction  while  charging  fuel  and  iron  against 
them  belter  than  soft  bricks.  For  the  stack,  cheap  grades 
o(  firebrick  can  be  used;  common  red  bricks  are  somc- 
,<imes  used  for  stacks  and  also  for  the  outer  course  in  faying 

the  lininK  in  the  body. 

26.  A  number  of  attempts  have  been  made  to  secure  a 
lining  that  would  resist  heal  better  than  bricks  made  of  fire- 
clay do.  and  for  this  purpose,  silica,  ganister,  magnesia, 
asbestos,  and  carbon  bricks  are  used.  It  is  claimed  that 
carbon  bricks  made  of  tine  coke  mixed  with  fireclay,  having 
larfor  a  binder,  have  proved  an  excellent  brick  to  with- 
stand high  temperatures.  Fireclay  bricks,  as  they  come  to 
the  foundry,  are  composed  chiefly  of  silica  and  alumina. 
Tbe  more  silica  the  fireclays  contain,  the  better  they  will 
resist  a  high  temperature.  Some  manufacturers  claim  that 
they  make  firebrick  with  the  silica  as  high  as  Wi.  and  having 
*lltnina  for  a  binder.  When  bricks  contain  more  than  70% 
of  silica,  ihey  are  generally  very  friable  and  disintegrate 
"■■'"ItK-,   ,inii    while  they   would  work  well  in  the  melting 
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portion  of  the  cupola,  they  would  not  last  long  if  placed  near 
the  charging  door,  where  they  would  have  to  withstand  the 
action  of  fuel  and  iron  as  it  is  thrown  against  them.  Silica 
is  a  pure  oxide  of  silicon,  of  which  white  sea  sand  is  an 
example,  and  requires  the  addition  of  some  plastic  material 
as  a  binder.  Nearly  all  clays  are  composed  chiefly  of  sili- 
cate of  alumina,  which,  while  having  a  lower  melting  point 
than  silica,  works  well  when  mixed  with  it. 

27.  There  are  other  substances  besides  silicate  of  alu- 
mina in  the  clay,  among  which  are  iron  oxides,  magnesia, 
soda,  and  potash,  most  of  which,  to  some  degree,  aid  the 
durability  of  firebricks.  Wherever  silica  exists  in  the  com- 
position  of  firebricks,  it  should  be  of  pure  quartz  or  anhy- 
drous silica. 

Where  the  user  can  purchase  bricks  on  analysis,  it  is  well 
to  do  so,  and  to  use  his  judgment  of  the  physical  qualities 
in  assisting  to  form  an  opinion  as  to  the  durability  of  the 
bricks. 

28.  The  causes  of  the  destruction  of  the  firebricks  when 
in  use  in  the  cupolas  may  be  said  to  be,  first,  the  destructive 
action  of  the  gases  coming  from  the  flames  generated  in  the 
cupola.  It  is  said  that  the  action  of  sodium  chloride  or 
other  alkaline  substances  contained  in  coke  are  very  de- 
structive to  the  lining.  Another  great  destroyer  is  the 
actual  wear  caused  by  the  friction  of  charging  and  the 
descent  of  the  stock  to  the  melting  point  of  the  cupola.  A 
third  factor  is  the  pressure  of  the  blast  used.  A  strong 
blast  may  prove  very  destructive  to  the  lining  of  a  cupola- 
when  there  is  little  iron  in  the  cupola  or  when  it  is  not 
charged  sufficiently  close  to  prevent  the  blast  from  passing 
up  between  the  charge  and  the  lining. 

29.  Rclining  a  cupola  is  expensive  work,  and  too  nrni'" 
care  cannot  be  exercised  in  the  purchase  and  use  of  fire- 
bricks. The  life  of  the  firebricks  is  also  greatly  extendi 
by  proper  picking  out  and  daubing  up  the  cupola. 
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30.  After  a  cupola  has  been  lined  it  should  be  dried,  so  as 
to  drive  the  moisture  out  of  the  bricks  and  grouting  as  com- 
pletely as  possible  before  taking  the  first  heat.  If  this  is  not 
done,  the  lining  will  be  found  burned  out  much  more  after 
the  first  heat  than  it  would  otherwise  have  been.  Drying  the 
lining  prevents  the  great  tlifference  in  the  expansion  of  the 
inner  and  outer  parts  of  the  bricks,  which  would  other- 
wise occur  when  the  outer  body  is  suddenly  highly  heated. 
It  also  drives  out  the  greater  part  of  the  moisture,  so  pre- 
venting the  rapid  creation  of  steam,  which,  combined  with 
unequal  expansion,  causes  the  outer  surface  of  the  bricks 
to  spall  or  flake  off  when  suddenly  heated.  This  effect  is 
greatest  at  the  points  of  highest  temperature  and  in  hard, 
dense  bricks.  Soft  bricks  allow  the  steam  to  be  liberated 
easier  and  are  also  more  yielding  to  differences  in  external 
and  internal  expansion. 

31.  In  starting  to  build  a  fire  in  a  cupola  to  dry  out  a 
new  lining,  the  drop  doors  <■/,  d.  Fig.  3,  arc  first  put  up,  and 
sand  is  then  shoveled  in  on  top  of  them  to  a  depth  of  3  or 
3  inches,  so  as  to  prevent  the  heat  of  the  fire  from  warping 
the  doors.  This  having  been  done,  shavings  or  other  light 
combustibles  arc  placed  on  the  bottom  sand  s,  and  over  this, 
fine  kindling  wood  is  set  in  an  open  manner  so  as  to  permit 
its  being  kindled  easily,  and  on  the  top  of  this  fine  kindling, 
heavier  combustibles  are  placed  so  as  to  form  an  open 
foundation  for  coke  or  coal,  which  is  shoveled  in  to  a  depth 
of  12  to  18  inches.  This  done,  a  red-hot  rod  is  pushed  in 
through  the  breast  c  of  the  cupola,  to  set  fire  to  the  sha- 
vings. After  the  fire  is  well  under  way  and  the  coke  burn- 
ing, more  fuel  should  be  filled  in,  to  form  a  solid  bed  of 
ignited  fuel  about  3  feet  deep.  Next,  all  draft  passages 
should  be  closed  and  the  fire  left  to  burn  out  before  dropping 
the  bottom  to  get  the  cupola  ready  for  a  heat. 

32.  After  the  bottom  has  been  dropped  and  the  cupola 
cooled  off  a  little,  it  is  a  good  plan  to  go  ail  over  the  surface 
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of  the  lining  with  a  thin  grouting  of  fireclay,  having  a  hand- 
ful of  salt  put  in  the  pail  of  water  used  to  wet  thexrlay.    The 
grouting  can  be  put  on  with  a  brush  and  should  be  rubbed 
well  into  all  the  joints  of  the  lining.     This  treatment  will 
help  to  put  a  glaze  on  the  face  of  the  lining,  which  is  very 
beneficial  in  resisting  the  cutting  out  or  burning  effect  of 
the  first  heat,  which  is  always  harder  on  the  lining  than  any 
that  will  follow.     Another  point  to  note  is  that  it  is  advi- 
sable to  get  the  second  fire  in  a  new  lining  started  as  soon  as 
practicable  after  the  first,  and  also  to  let  it  burn  as  long  as 
possible  before  starting  the  blast.     The   shorter  the  first 
heat  can  be  made,  the  better,  and  care  should  be  taken  to 
keep  the  blast  as  mild  as  practicable.     Any  one  following 
these  directions  will  find  a  great  reduction  in  the  burning 
out  of  the  lining  at  the  first  heat. 


CLEANING  THB  CUPOLA. 

33.  After  a  heat  has  been  run  off  in  a  newly  lined 
cupola,  the  dropping  or  dump  has  to  be  removed.  This  is 
either  pulled  out  from  under  the  cupola,  when  the  bottom 
is  dropped,  or  shoveled  out  by  hand  6  to  12  hours  after- 
Avards.  The  refuse  sticking  to  the  lining  is  next  chipped  or  ' 
picked  off  by  the  cupola  man,  using  two  small  hand  picks, 
of  which  the  first  one  should  weigh  about  2^  pounds  and 
the  second  one  about  1:^  pounds.  The  heavier  pick  is  to  be 
used  in  the  rough  work  and  the  small  pick  for  finishing  up. 

34.  Necessary  Precautions.  —  In  picking  out  the 
refuse,  care  should  be  taken  not  to  remove  the  glaze  or 
cinder  coating  of  the  lining.  If  this  is  removed  so  as  to 
break  into  the  surface  of  the  bricks,  it  leaves  a  lining  with- 
out protection  other  than  the  clay  that  may  be  used  for 
patching  up  the  holes  and  such  work  when  daubing  up  the 
cupola.  The  glaze  that  a  heat  or  two  will  create  upon  the 
surface  of  the  lining  will  generally  protect  it  as  well,  if  not 
better,  than  the  daubing.  In  picking  out  a  cupola,  its  melt- 
ing lines  should  be  kept  in  as  good  a  form  as  possible.    Any 
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hat  may  form  above  the  tuyeres  to  distort  the  melt- 
2  from  the  form  seen  at  %\  Fig.  2,  is  very  injurious 
ning  and  to  the  speed  in  melting.  All  such  humps, 
hard  or  soft  in  structure,  should  be  carefully  re- 
by  using  the  heavy  pick  for  the  rough  work  and  the 
e  to  even  up  the  surface. 

Sometimes  a  cupola  ** bungs  up"  so  badly  that  one 
inter  it.  In  such  a  case,  heavy  pointed  bars  are  used 
;  a  hole  through  the  center,  by  working  from  the 
I  door  or  getting  down  into  the  cupola.  After  a 
»  been  made  with  the  bars,  a  heavy  sledge  may  be 
knock  down  the  refuse  hanging  to  the  side  until  it 
ved  sufficiently  to  finish  the  work  with  the  picks 
ed,  which  should  be  kept  well  tempered  and  sharp- 
as  to  remove  the  refuse  easily  and  without  jarring 
ler  glazing  of  the  lining  any  more  than  is  necessary. 


MELTING  ZONE  OF  A  CUPOLA. 

The  conditions  necessary  to  bring  iron  to  the  fusing 
e  definite  and  fix  a  certain  place  in  the  cupola  as  the 

zone.  This  zone  starts  5  to  8  inches  above  the  top 
uyeres  and  extends  upwards  2  to  3  feet,  according 
iiaracter  of  the  fuel,  the  iron  used,  and  the  pressure 
ast.  To  obtain  the  best  results  in  melting,  it  is  very 
[  to  keep  the  melting  zone  in  proper  form.  This 
shown  at  v^  Fig.  2.  It  is  no  uncommon  occurrence 
le  melting  zone  get  burned  out  and  assume  the  out- 
wn  by  the  dotted  lines  "u^  Fig.  2.  Either  of  these 
ill  cause  bad  melting,  on  account  of  the  depressions 
•o  great.  The  upper  part  at  70  being  so  much  larger 
5  balance  of  the  melting  zone  does  not  give  the  de- 
r  stock  a  chance  to  expand  outwardly  and  properly 
ibrupt  depression.  The  abrupt  depression  shown  at 
;r  part  of  the  dotted  line  on  the  left  causes  injury, 

it  permits  the  iron  to  form  a  bridge  over  the 
in  such  a  manner  that  the  charge  above  will  be  held  I 
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up.     The  cavities  fprmed  at  w  permit  the  blast  to  esca] 
up   the   sides  of  the   cupola,   instead   of  being  spread 
forced  outwards  through  the  descending  charges  of  fuel  aiTxc] 
iron,  thus  causing  an  escape  of  heat  that  should  have  b^^^ 
utilized  in  reducing  the  iron  to  the  liquid  state.     Notonlj 
does  the  escape  of  the  blast  at  2C  retard  the  speed  of  mel^. 
ing,  but   it  also  causes  the  melting  zone  and  upper  por- 
tions of  the  lining  to  be  burned  out  much  more  than  woiil<f 
occur  if  the  blast  had  been  forced  into  the  body  of  time 
charge.     Further,  the  more  the  blast  cuts  out  the  lining, 
the  more  dirt  there  is  created,  and  this  decreases  the  spc«s<i 
of  melting  and  causes  the  cupola  to  become  '*  bunged  up- 
A  study  of  these  evils  will  show  that  the  blast  escaping  at     'W^ 
is  detrimental  to  obtaining  economy  of  -fuel,  hot  mct^al* 
fast  melting,  and  clean  successful  heats. 

37.     It  is  very  important  to  have  the  lines  of  the  melti  m^g 
zone  form  a  gradual  slope  from  the  center  in  both  directioxis, 
so  that  they  have  the  form  shown  at  7/  in  Fig.  2.     Not  oialj 
should  the  sloping  be  gradual  in  both  directions,  but  cart 
should  be  taken  to  prevent  the  melting  zone  becoming  en- 
larged to  any  great  degree,  as,  if  this  occurs,  althoiigb  it 
may  have  a  gradual  slope,  the  extension  in  area  imybeso  g/^ 
great  that  the  stock  cannot  adjust  itself  to  the  enlargcmeflt 
sufficiently  to  prevent  too  much  of  the  blast  escaping  up  tif^ 
sides  of  the  lining.     Melters,  as  a  rule,  do  not  give  sufficientj 
attention  to  keeping  the  melting  zone  in  correct  form,  (^:i 
getting  that  it  is  really  one  of  the  most  important  factorsflj 
controlling  the  results  in  melting. 


■■' -r,:  ' 


DAUBING   A  CUPOLA. 

38.     The  cupola  having  been  picked  out  to  the  pr 
form,  the  next  operation  is  to  fill  up  all  the  holes  and 
up  the  melting  zone  with  clay,  so  as  to  preserve  the  ii 
from  being  excessively  burned  out  during  the  process* 
melting.    The  material  used  for  daubing  should  be  as 
tory  as  possible ;  the  best  materials  for  this  purpose 
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of  a  good  grade  of  plastic  day  and  silica  or  sharp  sand  mixed 
togetlier;  the  pruportions  depend  on  the  character  of  the 
clay  and  the  sharpness  of  the  sand  used  in  making  the  mix- 
ture. The  aim  should  be  to  obtain  a  daubing  that  will  crack 
as  little  as  possible  in  drying  and  when  subjected  to  the  high 
temperature  of  the  melting  operation.  Nearly  all  kinds  of 
clay  will  shrink  and  crack  if  used  alone,  but  a  mixture  of 
sand  and  ctay  can  Ijc  made  for  daubing  that  will  crack  very 
slightly  when  drying  or  when  exposed  to  high  temperatures. 

39.  When  ctay  and  sand  are  mixed  together,  it  should 
be  dune  in  to  15  hours  previous  to  being  used.  Iron  kettles 
or  pan.s  and  wooden  boxes  are  used  to  mix  the  daubing  in. 
Where  clay  and  sand  are  mixed  ttigelher,  they  should  be  in 
a  dry  state  and  should  not  be  wetted  until  they  have  been 
thoroughly  mixed.  The  mixing  of  sand  with  wet  clay  will 
not  give  a  good  homogeneous  daubing,  as  such  a  method 
causes  the  clay  to  crack  in  spots  and  some  of  the  sand  to  be 
released  when  the  mixture  becomes  heated,  which  reduces 
the  value  of  the  daubing. 

•40.  Some  clays  are  much  more  plastic  than  others,  so 
that  the  amount  of  sand  required  to  be  mixed  with  the  clay 
will  have  to  be  ascertained  by  trial.  Some  clays  may  be  so 
plastic  as  to  require  one-half  sand,  while  others  will  need 
only  one-quarter;  and  some  clays  are  so  friable,  possessing 
little  or  no  plastic  qualities,  that  they  will  not  admit  of  any 
sand  being  mixed  with  them.  A  daubing  should  be  so  plas- 
tic that  it  will  stick  well  together  while  being  used.  The 
clay  should  be  as  stiff  as  it  can  be  handled,  since  the  stiffer 
it  is,  the  less  moisture  or  steam  there  will  be  to  expel  dur- 
ing the  process  of  drying.  At  the  very  best,  the  conditions 
are  unfavorable  lo  the  escape  of  moisture  or  steam  from  the 
daubing,  and  where  there  is  much  formed  it  will,  in  esca- 
ping, have  a  tendency  to  press  the  daubing  outwards  from 
the  lining  in  spots,  and  this  may  result  in  forcing  it  to  fall 
down  and  form  a  bridge  over  the  tuyeres,  as  seen  at  A, 
Fig.    6.     This   is   caused   by   the   surface   of   the   daubing 
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exposed  to  the  fire  or  blast  forming  a  hard  glazed  crust 
through  which  the  steam  cannot  pass;  the  steam  will  then 
push  the  daubing  free  from  the  lining,  often  causing  it  to 
come  away  at  the  commencement  of  the  heat  in  the  manner 
shown  at  A. 

41.  Instead  of  using  fireclay  mixed  with  sharp  sand  for 
daubing,  some  founders  use  common  blue  or  yellow  clay; 
some  of  these  clays  work  fairly  well  when  mixed  with  sharp 
sand.     New  molding,  or  loam  sand,  wetted  with  clay  wash, 
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Fig.  6. 


or  a  loam  without  mixture  with  any  other  material,  is  some- 
times used.  Where  good  loam  sand  can  be  obtained,  it  may 
serve  in  the  place  of  better  material;  but  molding  sand  by 
itself  is  worse  than  nothing,  as  it  only  dries  to  a  dust,  which 
flakes  off  and  mixes  with  the  fuel  and  iron,  thus  cloggiog 
the  cupola  and  making  slag  or  dirty  metal. 
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42.  Many  founders  think  fireclays  (wliii-h  are  the  t)est 
materials  for  daubing)  too  costly;  but  if  we  take  into  con- 
sideration the  extra  slag  and  the  cost  of  relining  every  few 
months  made  necessary  by  a  cheap  daubing,  and  when  it  is 
considered  that  the  lining  might  be  made  to  last  a  great 
deal  longer,  we  perceive  that  cheap  daubings  are  the  dearest 
in  ihe  end.  In  putting  on  daubings,  the  smaller  the  amount 
used,  as  a  rule,  the  better.  It  should  rarely  be  allowed  to 
L'.'sceed  1  inch  in  thickness,  which  will  make  it  appear  some- 
thing as  at  H,  Fig.  6 ;  this  is  far  better  than  having  the  whole 
melting  portion  filled  out  to  the  level  of  the  lining  below  and 
above  the  melting  point.  Many  cupola  tenders  think  it  nec- 
essary to  fill  out  the  melting  zone  even  with  the  rest  of  the 
lining.  If  it  be  considered  that  heavy  bodies  of  thick  clay 
cannot  be  dried  thoroughly  by  a  whole  day's  firing,  and  that 
only  the  surface  of  the  daubing  is  dried  before  the  blast  is 
put  on,  it  becomes  evident  that  this  is  not  wise.  In  case  the 
lining  burns  out  badly  in  spots,  pieces  of  firebrick  embedded 
in  clay  may  be  used  to  fill  it  in,  but  a  lump  of  wet  clay  should 
never  be  employed,  as  it  would  be  likely  to  come  away  from 
the  lining  as  soon  as  the  blast  was  started,  or  a  short  time 
after. 

43.  Where  the  melting  zone  becomes  burned  out  so 
badly  as  to  carry  it  out  4  inches  or  more  on  a  side  beyond 
the  general  lining,  thus  permitting  the  blast  to  escape  up 
the  sides,  it  should  be  repaired  in  a  substantial  manner,  and 
its  diameter  reduced  to  a  dimension  not  more  than  5  inches 
greater  than  the  general  diameter  of  the  lining  above  the 
melting  point.  This  can  often  be  accomplished  by  taking 
split  firebricks,  about  2  inches  thick,  shown  in  Fig.  5  (a) 
and  (b),  which  can  be  obtained  of  firebrick  manufacturers, 
or  may  be  made  by  splitting  the  whole  bricks  and  bedding 
them  firmly  in  good  clay  against  the  solid  lining,  thus  bring- 
ing the  melting  zone  back  to  approximately  the  form  shown 
at  V  in  Fig.  2. 

44.  KepalrInK  tbe  MeltlnK  Zone. — It  is  well  in  re- 
pairing the  melting  zone  not  to  cut  out  the  bottom  and  lop 
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so  as  to  allow  whole  bricks  to  be  built  in  so  as  to  bring  the 
melting  zone  even  with  the  general  lining,  for  this  causes 
the  melting  zone  to  be  smaller  in  diameter  than  it  should  be, 
which  is  a  condition  that  may  cause  the  lining  to  cut  out  in 
a  single  heat  and  be  almost  as  bad  as  before  it  was  repaired. 
In  all  cases  where  the  lining  has  be^n  repaired,  it  is  well  to 
start  the  fire  as  long  before  putting  on  the  blast  as  possible, 
so  as  to  give  the  repaired  part  a  good  chance  to  dry  before 
the  high  temperature  of  the  melting  is  reached.     The  lining 
above  and  below  the  melting  zone,  if  of  good  bricks  well 
laid,  should  last  from  9  to  12  months,  or  more,  with  a  heat 
every  day;  and  if  the  melting  zone  is  kept  repaired  and  in 
proper   form,   it  will   remain   in   good   condition  for  good   . 
melting  as  long  as  the  rest  of  the  lining. 


THB  BOTTOM. 

45.  When  the  cupola  has  been  daubed,  the  bottom 
doors  rf,  rf,  Fig.  2,  are  lifted  up  and  a  prop  j'  is  placed  under 
them.  The  doors  for  cupolas  having  an  inside  diameter  not 
greater  than  40  inches  can  be  held  with  one  prop,  but  over 
this  size  it  is  best  to  have  two.  These  props  are  best  made 
of  wrought  iron  and  range  in  size  from  1^  to  3  inches  in 
diameter.  It  is  very  important  to  have  a  solid  foundation 
under  the  props,  for  if  there  is  the  least  settling  of  the  drop 
doors  after  the  cupola  commences  to  melt,  the  iron  is  apt  to 
break  out  at  the  joint  of  the  doors,  with  a  probability  of 
accident  to  the  men  and  with  the  loss  of  a  heat  and  soffit 
iron. 

46.  The  foundations  under  the  props  can  be  made  of 
solid  iron  blocks,  ranging  from  3  inches  to  5  inches  in  thick- 
ness and  from  12  inches  to  24  inches  square,  according  to 
the  diameter  and  height  of  the  cupola.  Where  the  cupol* 
is  over  50  inches  inside  diameter,  it  would  be  well  to  have 
a  stone  or  brick  foundation  under  the  plate.  In  putting  up 
the  props,   they  should  be  so  placed  that  the  supportinK 
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columns  of  the  cupola  will  not  be  in  the  way  when  it  is 
necessary  to  knock  them  down  in  order  to  drop  the  bottom 
at  the  close  of  the  heat.  After  the  doors  are  propped  up,  it 
is  a  good  plan  to  close  up  all  the  joints  on  the  inside  with  soft 
clay,  ruhbed  in  tightly,  as  this  may  prevent  the  bottom 
sand,  when  dried,  from  running  out  and  leaving  a  hole 
through  which  the  metal  can  run.  If  there  should  be 
small  holes  in  the  bottom  caused  by  former  leakage,  they 
should  be  covered  solidly  with  a  piece  of  plate  iron  bedded 
into  clay. 


MAKING   TIIF,  BOTTOM. 

47.  Quality  of  .\laterlal   Used.— At   z.   Fig.   %,    the 

bottom  is  shown.  This  is  formed  of  sand;  it  is  very  impor- 
tant that  this  sand  should  be  of  the  right  grade  and  damp- 
ness. The  conditions  require  a  sand  that  cannot  bake  so 
hard  as  not  to  drop  readily  when  the  doors  are  opened;  the 
sand  must  also  be  of  such  a  character  that  it  cannot  be 
washed  away  by  the  action  of  the  blast  and  the  molten 
metal  flowing  out  of  the  tap  hole.  The  sands  generally  used 
for  this  purpose  are  obtained  from  the  gangways  in  light 
workshops  and  the  dump-dirt  piles  of  large  workshops. 
These  sands  are  mixed  with  what  may  be  saved  from  the 
bottom  of  the  previous  heat.  Should  this  mixture  be  too 
weak,  clay  wash  or  new  molding  sand  may  be  mixed  with 
it.  It  is  very  important  to  have  the  bottom  sand  of  the 
right  strength  and  dampness,  for  if  it  is  too  strong  or  too 
damp  it  may  give  trouble  during  the  heat  or  when  the 
doors  are  dropped,  and  if  loo  weak  or  too  dry  it  is  apt  to  be 
cut  away  by  the  flow  of  the  metal  or  the  force  of  the  blast. 

48.  The  sand  having  been  well  mixed  and  made  of  the 
same  consistency  or  temper  as  green  sand  for  molding  pur- 
poses, is  then  passed  through  a  ^-inch  riddle,  after  which  it  is 
shoveled  in  on  the  bottom,  by  passing  it  through  the  breast 
hole  r.  Fig.  2,  or  up  through  the  bottom  by  having  but  half 
of  the  bottom  door  in  place,  or  by  letting  it  down  from  the 
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charging  door.  When  the  sand  is  all  in,  the  cupola  man  goes 
inside  and  spreads  it,  giving  it  a  proper  slope;  it  is  then 
rammed  down  firmly  with  the  butt  end  of  a  rammer  to  a 
hardness  similar  to  that  necessary  in  ramming  the  nowd 
of  a  flat  plate  casting. 

49.  If  the  sand  is  rammed  too  hard,  it  may  cause  the 
iron  to  boil  when  it  commences  to  gather  in  a  body  over  the 
bottom  surface,  and  if  too  soft,  it  may  be  cut  by  the  wash 
of  tlie  metal  or  force  of  the  blast.  After  the  sand  has  been 
rammed,  the  hand  or  a  board  is  used  to  give  it  a  gradual 
incline  from  the  back  to  the  front  of  the  cupola,  leaving 
the  outer  edges  round  at  corners.  If  the  bed  is  not  given 
an  even  slope,  the  hollows  or  depressions  will  retain  metal, 
which  may  make  dull  iron  and  cause  a  waste  of  metal  when 
the  bottom  is  dropped.  When  the  sand  is  weak,  the  bottom 
may  be  lightly  sprinkled  with  water  from  a  brush  to  cause  a 
hard  crust  to  form  on  the  surface  of  the  bed  when  heated; 
but  care  must  be  taken  to  use  no  more  than  will  mereljr 
dampen  the  surface,  since  if  the  water  goes  any  deeper  it 
may  cause  the  iron  to  boil  and  blow  on  the  bottom,  tho& 
resulting  in  trouble. 

50.  Slope  of  Bottom. — The  slope  given  to  the  bed  is 
very  important,  and  varies,  according  to  conditions,  from 
^  to  1  inch  per  foot.     Where  the  cupola  is  a  slow  melter,  or 
where  irons  are  used  that  solidify  quickly,  it  is  advisable  to 
adopt  the  steepest  slope,  for  the  reason  that  it  causes  the 
iron  to  collect  quickly  at  the  breast  in  a  hotter  state  than  if 
it  had  to  dribble  slowly  over  the  bed   before  reaching  it- 
While  this  is  true,  the  slope  should  not  be  made  any  steeper 
than   necessary,   since   the  steeper  the  slope  is  made,  the 
swifter  the  metal  rushes  out  of  the  tap  hole,  making  it  diffi- 
cult to  stop  it  up.     In  finishing  up  the  bottom,  it  is  a  god 
plan  to  dig  out  a  little  sand  in  front  of  the  tap  hole  and  re- 
place the  regular  bottom  sand  with  some  good,  strong  ncf 
loam  sand  or  clay.     This  will  serve  as  an  aid  to  prevent  the 
action  of  the  tapping  bar  from  cutting  up  the  bottom  w 
front  of  the  tapping  hole. 
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MAKIKG  THK  BimABT,  TAP   MI>Lr,   ANI>  HPOUT. 

5 1  -  The  hole  for  forming  the  breast  or  front,  shown  at  e. 
Fig.  2,  is  generally  about  (i  inches  wide  by  8  inches  high, 
and  is  left  open  to  give  draft  to  the  cupola  until  the  fire  is 
well  up.  When  all  is  ready  to  put  in  the  front,  the  breast 
hole  is  brushed  out  clean  on  the  bottom  and  is  slightly 
wetted  with  clay  water,  after  which  a  handful  of  wet  clay 
is  rubbed  on  the  bottom  and  a  J-inch  to  li*inch  rod,  as  «, 
is  bedded  into  the  clay  on  the  level  of  the  bottom,  as 
shown.  Some  pieces  of  coke  may  be  jammed  into  the  breast 
against  that  on  the  inside  to  fill  up  any  cavities,  so  that  when 
clay  is  rammed  into  the  breast  in  stopping,  it  cannot  go 
farther  than  the  inside  of  the  lining.  Instead  of  being  care- 
ful to  stop  up  the  cavities,  a  piece  of  1-inch  board  that  has 
the  shape  of  the  breast  hole  can  be  u.sed,  pressing  it  back 
against  the  live  fuel  and  then  ramming  the  clay  against  it. 
The  board  can  be  pressed  in  by  hand  or  with  something 
like  the  end  of  a  hammer  when  filling  the  breast  hole.  The 
breast  having  been  all  filled  In,  the  front  is  cut  away  to  give 
it  a  form  like  that  shown  at  c.  Fig.  2.  It  will  be  noticed 
that  the  depression  formed  in  the  breast  is  about  2  inches 
from  the  level  of  the  front.  This  is  done  to  make  the  length 
of  Che  tapping  hole  as  short  as  possible,  since  a  long  tapping 
hole  causes  the  metal  to  chill  in  it,  which  may  cause  trouble 
during  the  first  tapping  and  often  during  the  whole  heat. 
In  cutting  out  the  breast  to  lessen  the  depth  of  the  tapping 
hole,  it  should  not  be  given  too  quick  a  slope,  as  this  may 
cause  trouble  in  tapping  and  stopping  up.  The  slant  shown 
is  about  right. 

52.      Material    Used   In   MakinK  the   Breast. — The 

material  used  in  forming  the  breast  should  be  of  as  refrac- 
tory a  character  as  possible,  the  best  material  being  a  mix- 
ture of  fine  clay  and  silica  or  sharp  sand,  such  as  was  used 
in  daubing  the  melting  zone  of  the  cupola,  the  next  in  order 
being  good  grades  of  blue  or  yellow  clays.  Some  men 
will  try  to  get  along  with  molding  sand  wetted  with  clay, 
but  this  material  is  likely  to  give  trouble,  especially  in  long 
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heats.  In  forming  the  spout  y,  the  same  material  can  be 
used  as  for  making  the  breast.  After  the  breast  and  spout 
are  formed,  the  rod  n  for  forming  the  tap  hole  is  pulled  out, 
and  some  live  coals  are  shoveled  in  the  spout  and  against 
the  breast  to  assist  in  drying  them.  This  is  continued  up  to 
the  time  the  blast  is  put  on,  the  heat  of  which  is  generally 
sufficient  to  leave  the  tapping  hole  in  fair  shape  for  its  work; 
but  where  it  can  be  done,  it  is  best  to  let  the  iron  run  from 
5  to  20  minutes  before  stopping  up.  This  can  be  done  bestio 
large  cupolas  that  have  large  ladles  for  taking  away  the  roetaL 

53.     Some    founders    use    clay    cores   that    have  been 
dried  in  an  oven  and  have  a  tap  hole  formed  in  them  to 
form  their  tap  holes.     These  are  kept  on  hand,  and  when 
placed   in  the  breast  holes,  clay  is  rammed  around  them 
as  it  would  be  around  the  rod  ;/,  Fig.  2.     This  plan  worb 
very  well,  since  it  insures  a  dry  hole  for  the  metal  to  ran 
out  of.     Where  the  metal  runs  steadily  out  of  a  tap  hole,  a 
smaller  hole  can  be  used  than  where  the  metal  has  to  be  let 
out  at  intervals.     When  it  is  necessary  to  stop  up,  every 
now  and  then,  the  hole  should  not  be  larger  than  is  actually 
necessary,  since  the  larger  the  hole,  the  more  difficult  it  is 
to  stop  it  up.     In  forming  the  spout  j\  Fig.  2,  its  bottom 
should  be  made  small  in  diameter,  not  to  exceed  4  inches, 
as  when  made  wide  it  causes  the  metal  to  spread  in  such  a- 
manner  that  it  not  only  becomes  dull,  but  has  a  tendencjr 
to  wash  up  over  the  sides  of  the  spout  on  to  the  ground, 
Avhere  it  may  be  thrown  around  by  the  moist  sand  in  sucln 
a  way  as  to  drive  all  the  men  away  from  the  front  of  the 
cupola,  which   is  an  occurrence  that  might  easily  result  iti 
injury  to  the  men  and  in  the  loss  of  considerable  metal. 


THE   FIRB. 


54.     Startinfi:    the    Fire.  —  In    building  a  fire  in  a 
cupola,  some  light  combustible,  such  as  dry  shavings,  oilco 
waste,  charcoal,  or  straw,  is  passed  down  from  the  charging  M. 
hole  and  dropped  carefully  on  top  of  the  sand  bed  s,  Fig. 
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On  top  of  this,  dry,  soft  kindling  wood  is  placud  in  such  a 
manner  as  to  catch  fire  readily,  and  over  this  heavier  wood 
is  placed.  The  amount  of  wood  required  will  depend  on  its 
character  and  that  of  the  coke  or  coat  used.  All  that  is 
necessary  is  to  have  sufficient  wood  to  set  the  cuke  or  coal 
burning  rapidly,  and  any  more  than  this  only  fills  up  the 
cupola  with  ashes  and  prevents  the  coke  or  coal  settling 
down  in  such  a  manner  as  to  give  proper  support  to  the 
iron  when  it  is  charged.  Care  is  necessary  in  selecting  the 
kindling  wood  to  have  it  well  dried  and  of  as  soft  a  quality 
as  possible.  The  coke  or  coal  should  be  of  medium  size,  as 
too  small  a  fuel  will  choke  the  fire  and  loo  large  lumps  will 
require  too  much  kindling,  besides  taking  too  long  to  get 
the  fire  kindled. 

55.  Chartjins  the  Fuel. — In  charging  the  fuel,  about 
half  the  amount  required  for  the  bed  is  first  put  on  before 
the  fire  is  started.  When  this  burns  up  brightly,  half  of 
the  remaining  portion  of  the  fuel  is  shoveled  in,  and  when 
this  is  fairly  under  way,  the  rest  is  charged.  As  soon  as 
this  shows  signs  of  burning  up  evenly,  it  is  ready  for  charg- 
ing  the  Iron;  but  before  this  is  done,  it  should  be  remem- 
bered that  the  bed  of  fuel  must  be  thoroughly  afire  all 
around  the  sides,  as  any  neglect  of  this  may  cause  the 
cupola  to  give  poor  results  all  through  the  heat.  It  is  not 
uncommon  to  have  ladles  choked  up,  castings  lost,  or  the 
bottom  of  the  cupola  dropped  before  the  heat  is  finisht^d, 
simply  because  the  bed  of  fuel  was  not  thoroughly  afire 
before  starting  to  charge  the  iron.  The  time  required  to 
kindle  the  fire  to  get  it  in  good  condition  for  charging  the 
iron  generally  ranges  from  2  to  3  hours.  Coal  requires 
a  longer  time  than  coke,  and  wet  fuel  a  longer  time  than 
dry.  It  is  bad  policy  to  let  the  bed  burn  longer  than  is 
necessary  to  get  it  well  started,  as  beyond  this  it  only  burns 
the  carbon  out  of  the  fuel,  instead  of  its  being  reserved  for 
reducing  the  iron, 

56.  Some  founders  arrange  tf>  hnve  the  cupola  charged 
and  the  blasts  on  in  from  1  to  2  hours  after  first  starting 
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the  fire.     This  necessitates  the  use  of  a  light  blast  on  the 
fuel  to  hurry  the  fire.     This  should  not  be  done  if  it  can 
be  avoided,  as  the  bed  ought  to  kindle  gradually  of  itself, 
with  merely  the  draft  that  the  open  breast  and  tuyeres  give 
it;   these  can  be  closed  should  the  fire  burn  too  rapidly. 
Letting  the  fire  burn  with  natural  draft  and  occupying  3  or 
3  hours  in  burning  up  ready  for  charging  affords  time  to 
bring  the  walls  of  the  cupola  to  a  temperature  agreeing 
more  nearly  with  that  of  the  fire,  and  is  a  factor  which  ii 
not  only  beneficial  to  the  lining,  but  also  aids  in  givingf 
better  results  in  taking  off  the  heat.     Those  that  have  a 
uniform  well-lit  fire  before  charging  the  iron,  combined  with 
a  good  breast  and  tap  hole,  will  have  the  least  difficulty  in 
running  off  a  successful  heat. 


CHARGING  THE  CUPOLA. 

57.  The  first  questions  that  present  themselves  in  com- 
mencing to  charge  a  cupola  are,  how  much  fuel  should  be  used 
on  the  bed  and  how  much  between  the  charges  of  iron  and 
what  weight  of  iron  should  there  be  in  the  charges. 

58.  Amount  of  Charg^e. — The  amount  of  fuel  in  the 
bed  depends  largely  on  the  height  of  the  lower  tuyeres. 
With  anthracite  coal  it  will  require  a  height  of  12  to  16  inches 
above  the  top  of  the  lower  tuyeres.  With  coke,  a  height  of 
18  to  24  inches  is  required;  which  means  in  both  casesabed 
of  solid  fuel,  well  ignited  before  commencing  to  charge  the 
iron.  In  weight,  it  requires  10  to  20  per  cent,  more  of  hard 
coal  than  good  coke.  The  specific  gravity  of  coke  beingless 
than  coal,  a  given  weight  of  it  will  stand  higher  above  tb^ 
tuyeres,  but  coal  will  sustain  a  heavier  burden  than  coke, 
due  to  its  being  a  more  solid,  dense  fuel.  Hardwood  char- 
coal and  gas-house  coke  have  been  used  for  melting  iton; 
the  ratios  being  about  1  of  charcoal  to  3  of  iron  andloi 
gas-house  coke  to  4  of  iron.  Of  recent  years  these  fuels  a^ 
little  used. 
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59.  Owing  to  the  great  variation  in  the  height  of  the 
tuyeres,  it  is  impossible  to  lay  down  any  fast  rules  that 
can  be  applied  to  determine  the  weight  of  the  first  charge  of 
iron  in  reference  to  the  weight  of  fuel  in  the  bed.  Again, 
the  ratio  of  iron  to  fuel  depends  on  the  character  of  the 
iron  used;  thus,  a  greater  weight  of  light  pig  or  scrap 
can  be  used  than  if  heavier  pieces  of  iron  were  charged. 
The  following  will  give  an  idea  of  the  weight  of  iron  to 
charge.  Starling  with  a  20-inch  cupola  (inside  iliameter), 
charge  300  pounds  of  iron  on  the  bed;  then  for  every  in- 
crease of  2  inches  in  the  internal  diameter  of  a  cupola,  add 
300  pounds  of  iron.  This  would  give  a.  30-inch  cupola  a 
first  charge  of  iron  weighing  1,800  pounds,  a  40-inch  cupola, 
3,300  pounds;  a  50-inch  cupola,  4,800  pounds;  a  60-inch  cu- 
pola, G,300  pounds;  a  70-inch  cupola,  7,800  pounds;  and  an 
80-inch  cupola,  9,300  pounds.  These  weights  may  often  be 
increased  from  10  to  30  per  cent.,  but  it  is  best  to  start 
with  the  figures  given  above  and  gradually  increase  the 
burden  until  the  best  weights  are  ascertained  by  actual 
tests.  As  a  rule,  the  weight  of  the  iron  charged  on  the 
bed  can  lie  heavier  than  that  in  the  succeeding  charges, 
although  a  great  many  founders  make  it  a  practice,  where 
a  uniform  mixture  is  used  throughout  the  heat,  of  ma- 
king all  succeeding  charges  equal  in  weight  to  that  of  the 
first  charge. 

60.  The  next  question  is,  how  much  fuel  it  is  necessary 
to  place  between  each  of  the  succeeding  charges  of  iron. 
As  an  approximation,  it  can  be  said  that  the  amount  of  fuel 
between  charges  should  average  about  10  per  cent,  of  the 
weight  of  the  charges  of  iron,  a  little  more  coal  being  re- 
quired than  coke.  The  idea  involved  in  placing  fuel  between 
the  charges  of  iron  is  to  keep  the  height  of  the  bed  by 
means  of  the  descending  fuel  up  to  the  thickness  existing 
when  the  iron  first  commences  to'raelt.  In  watching  this 
point  carefully,  one  may  be  able,  in  some  cases,  to  do  with 
less  than  10  per  cent,  fuel  between  the  charges.  In  ascer- 
taining the  percentage  of  fuel  used  to  melt  the  iron,  all  the 
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fuel  consumed  in  the  bed,  as  well  as  that  used  between  the 
charges  of  iron,  must  be  considered. 

61.  If  5  tons  of  fuel  had,  for  example,  melted  M  tons  of 
iron,  it  would  give  us  a  ratio  of  1  of  fuel  to  10  of  iron;  which 
is  about  as  small  a  ratio  of  fuel  as  can  be  used  to  get  good 
hot  iron;  and  to  get  this  ratio,  the  best  conditions  must 
prevail.  It  is  rarely  wise  to  be  sparing  in  the  use  of  fad, 
as  the  least  mishap,  by  uneven  charging  or  an  unsteady 
blast,  may  result  in  giving  dull  iron,  causing  a  loss  in  bunged 
up  ladles  and  bad  castings  at  one  heat  that  may  more  than 
balance  the  weight  of  fuel  that  could  be  saved  during  a 
month's  melting. 

62.  The  general  average  of  cupola  practice  is  to  use 
ratios  of  from  1  to  6  up  to  1  to  8  with  good  coke,  and  from 
1  to  6  up  to  1  to  7  with  hard  coal,  the  former  being  requited 
to  melt  iron  for  light  work,  or  that  requiring  hot  iron,  and 
the  latter  for  heavy  castings,  or  where  the  work  does  not 
require  the  hottest  metal.  In  charging  fuel  and  iron  thejr 
should  be  weighed,  so  that  one  may  know  the  amount  of 
material  being  used.  Too  many  founders  throw  fuel  and 
iron  in  by  guesswork,  but  uniform  results  cannot  be  ci- 
pected  from  this  practice.  Each  pile  of  iron  or  scrap  as  it  is 
brought  to  be  charged  should  have  been  weighed  previously 
and  a  record  kept  of  what  goes  into  the  cupola;  and  this 
ought  to  inchide  all  the  fuel  and  any  flux  that  may  be 
used.  The  fuel  is  weighed  either  before  coming  on  the  sta- 
ging to  be  charged  into  the  cupola  by  fork  or  shovel,  or  else  it 
will  be  measured  in  barrels  or  baskets  and  dumped  fromthcffl 
into  the  cupola.  Whatever  way  it  is  done,  the  exact  quantit/ 
being  used  should  be  known  definitely. 


CHARGING  CBNTBR-BLAST  CUPOLAS. 

63.  One  factor  in  a  great  degree  responsible  for  the 
difficulties  that  some  founders  have  had  in  trying  to  use 
center-blast  tuyeres  lies  in  charging  the  cupolas  after  tw 
manner  followed  in  charging  common  side-tuyere  cupoW, 
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which  may  result  in  breaking  (lnwn  the  edges  b,  b  ( 
covering  cap  shown  in 
Fig.  4,  In  charging  cen- 
ter-blast cupolas,  the  first 
charge  of  inm  should  be 
placed  carefully  around 
the  outside,  leaving  a 
hole  in  the  middle  for 
fuel,  as  shown  in  Fig.  7. 
This  permits  the  fuel 
to  become  compact  over 
and  around  the  cover- 
ing cap  before  the  sec- 
ond charge  descends  to 
the  melting  zone.  By 
this  means  there  is  no 
danger  of  the  iron  in 
the  first  charge  work- 
ing down  through  the 
soft  fuel  and  breaking 
the  edges  of  the  cap, 
as  it  might  do  if  the  , 
first  charge  were  spread 
all  over  the  surface 
of    the    bed.    as    is    done 


sidc-tuyei 


cupola 


04.  If  too  little  fuel  is  placed  between  the  charges 
of  iron,  the  bed  in  burning  up  will  finally  lower  itself  to  the 
level  of  the  lower  tuyeres.  The  nearer  the  bed  approaches 
this  level,  thus  falling  below  the  proper  height,  the  more 
dull  the  iron  becomes,  and  eventually  it  results  in  stopping 
the  iron  from  melting.  Gji  the  other  hand,  if  too  much  fuel 
is  placed  between  the  charges,  it  will  raise  the  bed  above  the 
proper  height  and  the  iron  above  the  melting  point,  which 
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results  in  causing  slow  melting,  and  may  finally  stop  the 
melting ;  on  the  other  hand,  a  high  bed  will  produce  hotter 
iron  than  a  low  bed.  The  best  height  at  which  to  maintain 
the  level  of  the  bed  varies  with  the  cupola,  and  is  regu- 
lated by  the  area  and  form  of  the  tuyeres  and  their  con- 
nections, as  well  as  with  the  pressure  of  the  blast.  Where 
the  size,  form,  etc.  of  the  tuyeres  and  their  connections  are 
kept  the  same,  the  best  height  for  the  bed  can  be  obtained 
by  an  alteration  in  the  pressure  of  the  blast.  The  greater 
the  pressure,  the  higher  the  point  at  which  the  melting 
takes  place  will  be. 

65*  Whether  a  cupola  is  being  handled  to  the  best 
advantage  or  not  is  shown  by  the  fluidity  of  the  metal  and 
the  variation  of  speed  in  melting.  The  fluidity  of  the  metal 
and  the  speed  of  melting  are  regulated  in  accordance  with 
the  indications  by  varying  the  weight  of  the  charges  of  iron 
If  the  iron  becomes  duller  near  the  latter  end  of  the  charge 
than  it  was  at  the  first,  it  is  evidence  that  the  charge  of  iron 
is  too  heavy,  and  if  such  heavy  charges  of  iron  are  continued, 
the  result  will.be  dull  iron  for  the  balance  of  the  heat.  If 
the  iron  comes  down  hot,  with  an  increase  of  speed  in  melt- 
ing at  the  end  of  each  charge,  it  is  evidence  that  the  charges 
of  iron  are  too  light  or  the  charges  of  fuel  too  great  It 
must  be  understood  that  these  conditions  hold  even  though 
the  proper  height  of  the  bed  of  fuel  is  maintained  in  the 
melting  zone  by  the  descending  charges  of  fuel.  When  the 
best  weight  of  charge  is  known  and  used,  the  speed  of 
melting,  as  well  as  the  degree  of  fluidity  of  the  metal,  vi'^ 
be  uniform.  Where  the  cupolas  are  run  continuously  with- 
out tapping  or  stopping  up,  variations  in  weight  of  charp 
will  produce  the  greatest  changes  in  the  fluidity  ol  the 
metal. 


CHARGING   HEAVY  AND  LIGHT  IRON. 

66.  The  charging  of  fuel  and  iron  is  generally  done  bf 
hand.  In  throwing  pig  iron  into  a  cupola,  it  is  best  to  have 
the  ends  toward  the  lining  as  much  as  possible.    Forcupow* 
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under  75  inches  and  over  30  inches  inside  diameter,  it  is 
necessary  to  have  the  pigs  broken  into  two  pieces,  and  for 
cupolas  under  30  inches,  the  pigs  should  be  broken  into 
three  pieces.  When  the  pigs  are  long  in  respect  to  the 
diameter  of  the  cupola,  they  are  very  apt  to  wedge  them- 
selves in  such  a  way  as  to  hold  up  the  charge,  and,  conse- 
quently, do  not  permit  the  even  and  systematic  charging 
necessary  to  economical  use  of  the  fuel  and  good  melting. 
In  charging  iron,  it  should  be  dropped  as  gently  as  possible 
on  the  top  of  the  bed,  since  throwing  it  in  carelessly  causes 
it  to  strike  and  break  the  lining,  thus  creating  slag;  or  it 
may  embed  itself  in  the  fuel  in  such  a  manner  that  it  dis- 
turbs the  regularity  of  the  charging.  The  iron  should  be 
charged  as  close  together  as  possible,  in  order  to  prevent 
the  escape  of  heat  up  the  stack,  and  thus  utilizing  more  of 
it  for  melting  the  iron. 

The  largest  pieces  of  iron  should  be  placed  on  the  fuel 
and  the  smallest  on  top;   the  pieces  will  then  melt  simul- 
taneously and   so  come   down  together  and   give   a   more 
uniform  mixture.     This  statement    refers  to  making  mix- 
tures of  pig  iron  and  scrap,  as  well  as  to  mixtures  made  with 
pig  iron  only.     The  heavier  the  iron  used,  whether  pig  iron 
or  scrap,  the  more  fuel  will  be  required  and  thc^lower  it  will 
melt.    When  there  are  very  large  pieces  of  scrap  to  be  melted, 
they  should  be  held  back  until  the  second  or  third  charge, 
according  to  the  size  of  the  cupola,  for  if  very  heavy  lumps 
are  placed  on  the  bed,  they  are  liable  to  sink  to  the  level  of 
the  lower  tuyeres,  or  even  to  the  spout,  before  being  melted, 
so  causing  trouble;  they  may  even  so  clog  up  the  cupola  as 
to  stop  the  progress  of  the  melting. 

67.  It  often  happens  that  founders  are  called  upon  to 
make  castings  of  several  different  grades  or  brands  of  iron 
at  one  heat.  Some  of  the  castings  may  be  made  of  very  soft 
iron,  while  others  will  require  hard  iron.  In  such  cases  it  is 
best  to  endeavor  to  place  a  charge  of  medium  grade  iron  be- 
tween the  charge  having  soft  iron  and  that  having  the  hard 
iron.     Then,  if  some  of  the  medium  grade  does  melt  down 
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and  mix  with  either  of  the  extremes,  it  will  not  result  in  as 
much  harm  as  if  the  extremes  had  melted  together.    If  they 
show  a  tendency  to  mix,  it  is  well  to  separate  the  charges 
farther  apart  by  introducing  a  thick  charge  of  fuel,  so  that 
the  first  one  will  all  melt  down  before  the  second  charg^e 
reaches  the  melting  point.     If  there  is  doubt  of  this  method 
not  working  successfully,  the  special  grade  may  be  melted 
down  by  itself  without  any  mixture,  and  when  all  of  this 
has  come  down,  the  blast  may  be  shut  off  and  the  bed  re- 
charged with  fuel  to  the  original  height ;  the  next  extreme 
of  iron  may  then  be  charged  and  the  melting  proceeded  with 
in  the  usual  manner.     Both  of  these  methods  will  require 
much  more  fuel  than  is  needed  for  a  uniform  grade  of  iron 
throughout  the  heat;  but  they  are  convenient  for  achieving 
special  results.      Whatever  method   may   be   employed  in 
charging,  the  feature  to  be  observed  especially  is  to  alwajs 
exercise  the  greatest  of  care  to  charge  both  fuel  and  iron  in 
as  even  a  manner  as  possible. 

68.  When  more  fuel  is  placed  on  one  side  than  on  ih^- 
other,  or  when  the  iron  is  not  level  at  the  end  of  the  charge^ 
very  unsatisfactory  results  may  be  expected.     It  is  commor^ 
for  irregular  charging  not  only  to  cause  dull  iron,  but  als«.^ 
to  result  in  clogging  up  the  cupola,  so  as  to  stop  the  proces-^s 
of  melting  entirely.     After  a  cupola  is  once  filled  to  ih  ^ 
charging  door,  it  should  be  kept  full  until  all  the  iron  fi>^ 
that  heat  is  charged,  as  by  keeping  the  cupola  full  it  not 
only   utilizes  the  escaping  heat  better,  but  also  keeps  the 
gases  and  flame  from  affecting  the  men  doing  the  chargingT- 

69.  After  all  the  iron  is  charged,  and   when  the  last 
charge    approaches    the    melting    zone,  the  charging  door 
should  be  closed  tightly  to  prevent  the  flame  escaping,  a^ 
this  may  warp  or  burn  the  door. 


SLAGGING  A  CUPOLA   AND  FLUXES  USED. 

iTO.  Where  heats  are  of  long  duration,  or  where  dirty  tf 
burnt  iron  is  used,  it  is  necessary  to  use  a  flux  and  to  mate 
special  provisions  for  the  slag  by  means  of  fluxes.    The 
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fluxes  fiave  a  lighter  specific  gravity  than  iron,  and  when 
melieil  in  a  cupola  will  float  upon  the  liquid  iron,  absorbing 
and  liquefying  the  nun-metalHc  residue  of  the  iron  and  the 
ash  of  ihe  fuel,  so  that  these  may  he  discharged  from  the 
cupola  through  a  slag  hole  constructed  for  the  purpose. 
This  hole  is  seen  at  ^,  Fig.  2.  When  this  refuse  remains  in 
the  cupola,  it  soon  becomes  so  great  in  bulk  as  to  fill  up 
much  of  the  space  required  for  the  fuel.  From  this  it  can 
readily  be  seen  that  the  longer  the  heats  are  or  the  dirtier 
the  iron  is,  the  more  fluxing  and  slagging  out  will  be 
required. 

71.  A  great  many  foundries  have  fine  floor  scrap,  "shot 
iron  "from  tumbling  barrels,  and  gates  with  the  sand  on, 
which  when  charged  with  other  iron  into  the  cupola  creates 
more  or  less  residue  that,  if  not  carried  off,  will  remain  in 
the  cupola  and  clog  it  up  rapidly.  Where  such  materials 
have  to  be  charged  with  the  regular  grade  of  scrap  and  pig 
iron,  the  cupola  will  need  to  be  slagged  out  more  frequently. 
The  capacity  of  a  cupola  is  so  greatly  increased  by  fluxing 
and  slagging  that  some  cupolas,  which  could  not  otherwise 
be  run  for  over  three  or  four  hours,  can  be  kept  in  blast 
day  and  night  for  a  whole  week  when  properly  managed. 

72.  KlnclH  of  FluxBH.— The  substance  used  as  a  flux 

usually  consists  of  a  carbonate  of  lime,  which  is  found  in  the 
form  of  limestone,  oyster  shells,  and  clam  shells,  calcite, 
chalk,  marble  spalls,  and  dolomite.  There  are  also  calc- 
spar,  fluorspar,  feldspar,  and  magnesia,  which  serve  as 
fluxes.  The  weight  of  flux  necessary  is  dependent  on  the 
character  of  the  iron  and  fuel,  also  on  the  kind  of  the  flux 
used.  With  limestone,  the  richer  it  is  in  lime,  the  less  there 
will  be  required.  The  weight  of  limestone  required  to  make 
a  fluid  slag  may  range  from  50  to  80  pounds  per  ton  of  iron 
charged.  Where  the  scrap  is  cleaned  and  sandless  pig  iron 
is  used,  and  also  a  good  class  of  fuel  so  as  to  leave  a  low 
percentage  of  residue,  30  to  50  pounds  of  good  limestone 
may  be  sufficient  to  make  a  fluid  slag.  It  is  generally 
necessary  to  experiment  with  the  flux  in  order  to  ascertain 
the  best  percentage  to  use. 
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73L     CfcjM^ia^r  tke  Fl«x. — The  ch^rgin^  *:l  licier^cocie 

tme  in?c^  alrb:.c^ri  it  h>  otren  ctiar^e^  oc  t*:-©-  *.<  the  f::el  or 
miieii  viih  the  trz-a  aruf  tcel:  ptacins^  It  »;.&  the  injc  i>  gen- 
erallT  trie  best  pl^r,.  stnce  it  then  leaTfs  the  fuel  m*:re  c.-m- 
psurt  anc  in  better  tT'Cai  to  sastAin  the  rrc'C  In  n^rng 
IfmeisC :  cie.  :t  5£L«:ciI*i  b-e  bri'kea  intv  sai-ill  c^ieces  ab*:ct  tn* 
ssxe  •:€  e^;^.  iad  >h»:dd  then  be  spread  evenly  over  the 
crrar^e :  whea.  ojster  shells  or  cLun  shells  are  usei  they 
are  >i&>Te{eii  into  the  cnp^jia  just  as  they  «»cne  t«>  the  f-cc- 
'irj-  The  wei^^t  -:•€  shells  required  will  be  that  t^^and  bes^ 
foe  ILrnescoae.  When  shells  are  nrst  ^:harg:ei  they  make  a 
crackling  nicse  ar>i  thr»jw  •'^c  &Lk«s  that  cacse  5«>are  waste, 
but  -•:-€  samzient  zo  be-  excesKve. 

T-1-  Marble  spaHs  are  chipptngs  fp>m  marble  q^xarricsv 
arui  are,  as  a  mle.  »:•€  CKirer  Lrmest«>ne  than  the  'I'ther  f^.MrmsL 
The  amonnt  reqnireti  »  nearly  the  same  as  that  of  lizxte- 
stone.  FInorspar  is  a  ni«>5t  excellent  finx  and  sarpasse-5 
Irniestoae»  shells^  or  marble  in  producing  a  gvxd  siag  as  well 
as  tn  Hrit  changmag  the  character  of  the  irxi.  The  objec- 
ti'jtt  t'>  for^rroar  cs  its  cost  t'>  tb»>5e  situated  at  a  distance 
frzGi  the  ztines  where  it  is  gotten.  S?me  mix  it  with  <cther 
faxes  Zj  cheapen  it.  It  has  been  claimed  that  fu-.^rspar  a:- 
taiiks  the  ''.r'-r:'^  an^i  hastens  its  destmctiorr.  bet  tbis  is 
donbttzL 

T5-  The  elements  cf  the  slag  o^mbine  with  rhe  ':xide  of 
sflitra*  wh:*:h  ci-mes  frr-ci  the  oxidati':*n  of  siMo:'n  in  the  iron, 
and  also  *:*:icibinfi  with  the  oxide  *:'t  tnanganese.  which  o  -cnes 
fr-cL  the  manganese  in  the  irr-n,  and  which,  if  very  hi-^h  in 
quantity  Tn  the  hp^n,  wiZ  carry  odf  o'nsiderjLble  sulphur  f re ra 
the  fuel  int  >  the  slag.  To  show  the  o>cr:rH>s:tion  of  lime- 
St  :ce  iuxes  there  is  appended  the  analysis  seen  in  Table  L 
Th«:se  ^hfj-wTi  ir.  cotumns  ^  and  5  are  the  best,  because  of 
thrrir  fr-^e^fcd  frrci  sulrhur.  The  liruestcne  '^iv-er.  in 
C'v-rnr-.  I  s  T-t~  -ard,  ct  a  lar-v  C':v:r.  j-rrd  :>  jl  g:nide 
chief  J  Tisetl  f:r  blast  fuma:es.  al:h:'U^h  i:  jii>*,-'  w-rks  well 
in   iu-«.[as.      It  is  obtaiue^i  at    New   Castle,  Penusvlvania. 
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The  limestone  given  in  column  2  is  of  a  much  softer  quality 
than  the  former  and  is  also  more  white  and  clear.  It  is 
known  as  Kelly  Island  limetitone  and  is  mined  at  Kelly 
Island,  Ohio.  Column  3  gives  the  analysis  of  a  grade  which 
is  softer  and  purer  in  color  than  either  of  the  others,  and 
has  a  somewhat  checkered  marble  cast.  It  is  called  cal- 
cite,  and  is  obtained  from  the  Benson  Mines,  New  York. 


TABLE    I. 


COMPOSITION  OF  L.1MBSTONBS. 


Silica 

Iron  oxide 

Alumina 

Phosphorus 

Sulphur 

Carbonate  of  lime 

Carbonate  of  magnesia 

Lime  oxide 

Magnesia  oxide 


2. 

3. 

1.980 

.54 

.GOO 

.12 

.  000 

.30 

.037 

82. 850 

98.78 

13.040 

46.410 

55.32 

17.230 

76.  Whether  the  flux  used  is  sufficient  in  quantity  or 
not  is  generally  shown  by  the  fluidity  of  the  slag,  which 
should  be  as  fluid  as  practicable.  If  it  does  not  run  freely, 
it  is  due  to  one  of  two  causes:  Either  the  cupola  is  running 
cold  on  account  of  poor  combustion,  or  else  there  is  not 
sufficient  flux  being  used.  A  very  great  excess  of  limestone 
flux  will  also  make  a  dull  slag.  When  the  slag  is  not  suffi- 
ciently fluid,  it  runs  out  so  sluggishly  that  it  is  very  liable 
to  pile  up  in  the  cupola  to  the  level  of  the  tuyeres.  If  this 
occurs,  the  cold  blast  will  chill  the  slag,  clogging  the  tuyeres, 
and  the  melting  will  be  retarded  or  stopped  entirely. 

77.  It  is  very  important  to  obtain  a  good  free  slag,  i.  e., 
one  that  will  run  thin,  so  as  to  prevent  it  piling  up  any 
higher  than  the  slag  hole;  for,  if  it  does  pile  up,  the  cupola 
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would  be  far  better  off  if  no  flux  had  been  used,  as  its  use 
not  only  calls  for  more  fuel,  but  also  increases  the  amount 
of  material  that  must  be  removed  in  order  to  successfully 
continue  melting.  In  fact,  if  a  cupola  can  be  made  to  run 
free  and  clean  to  the  end  of  the  heat  without  using  a  flux, 
it  is  only  a  waste  of  money  to  use  it,  since,  besides  the  cost 
of  the  flux  itself,  it  also  requires  some  fuel  to  melt  it 
Furthermore,  it  increases  the  loss  of  iron,  as  slag  contains 
3  to  G  per  cent,  of  iron  chemically  combined  with  it,  and  also 
carries  off  small  particles  of  iron  that  are  mechanically 
mixed  with  it.  Besides,  it  costs  considerable  to  haul  away 
the  slag  from  the  cupola  and  the  yard,  for,  as  a  rule,  20  to 
70  pounds  of  slag  are  created  per  ton  of  iron  mfelted  when 
using  a  flux. 

78.  Where  cupolas  require  slagging  out,  the  flux  is  not 
to  be  charged  until  the  cupola  is  filled  to  the  level  of  the 
charging  door,  or  until  it  has  been  melting  for  about  |  hour. 
In  slagging  out  a  cupola,  some  founders  open  the  slag  hole 
(the  slag  holes  are  closed  during  the  first  part  of  the  heat  to 
prevent  loss  of  blast)  as  soon  as  they  think  there  is  any 
accumulation  of  slag,  and  leave  it  open  during  the  balance 
of  the  heat,  while  others  will  close  them  up  after  every  tap- 
ping, to  remain  closed  until  the  raising  iron  brings  the  slag 
up  to  the  slag  hole.  The  latter  method  is  largely  a  matter 
of  guesswork,  and  if  the  slag  should  rise  above  the  slag  hole 
to  the  level  of  the  tuyeres,  it  may  do  much  injury.  It  is  a 
much  safer  plan  to  leave  the  slag  hole  open  after  it  has  been 
tapped.  In  either  case,  the  slag  hole  will  require  watching, 
as  should  any  lump  of  fuel  or  chilled  slag  become  fast  in  it, 
the  slag  might  rise  to  the  level  of  the  tuyeres.  If  the  slag 
is  running  thin  and  hot,  the  danger  from  it  is  less  than  if 
it  were  thick  and  sluggish. 


FUBL   COMBUSTION. 

79.  In  order  to  melt  iron  rapidly,  it  is  necessary  to 
force  air  into  the  cupola.  This  forced  air  is  called  blast. 
It  is  claimed   that  30,000   cubic  feet  of   air,  measured  at 
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atmospheric  pressure  and  62°  F.,  is  consumed  in  melting  a 
ton  of  iron.  Were  this  air  reduced  to  pounds  it  would 
weigh  400  pounds  more  than  the  ton  of  iron  which  it  had 
assisted  to  melt.  Air  consists  chiefly  of  two  gases,  nitro- 
li:en  and  oxygen,  which  have  the  weight  and  volume 
given  in  Table  II. 


TABLE  II. 

COMPOSITION  OP  AIR. 

Volume. 

Weight. 

Nitrocren 

79.19 
20.81 

76.99 

Oxvcren 

23.01 

^^^^^j  1^^" 

Total . . . 

100.00 

100.00 



80.  The  oxygen  of  the  air,  when  combined  with  the  car- 
bon of  the  fuel,  creates  combustion.  The  nitrogen  does  not 
aid  combustion,  and  in  the  case  of  too  much  blast  is  a  seri- 
ous detriment,  for  nitrogen,  being  a  useless  gas,  only  robs 
the  ignited  fuel  of  its  heat  in  being  carried  along  with  the 
oxygen  through  the  cupola.  It  requires  2  atoms  of  oxygen 
to  be  combined  with  1  atom  of  carbon  to  produce  complete 
combustion.  The  hot  carbon  combines  with  the  oxygen  of 
the  blast  entering  the  cupola,  and  the  result  would  be  perfect 
combustion,  or  the  creation  of  carbonic-acid  gas,  could  only 
the  above  proportion  be  steadily  maintained,  but  this  is  not 
practicable  in  a  cupola. 

81.  Since  oxygen  and  carbon  are  the  chief  factors  nec- 
essary to  support  combustion,  it  is  important  to  note  their 
influence  in  obtaining  perfect  combustion.  According  to 
Deulong,  1  pound  of  carbon  combining  with  the  necessary 
quantity  of  oxygen  to  form  carbonic-acid  gas  develops 
12,906  units  of  heat.  The  specific  heat  of  cast  iron  being 
about  .13,  the  melting  point  2,190°  F.,  and  foundry  coke 
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containing  about  82  per  cent,  of  carbon,  to  heat  a  ton  of 
cast  iron  from  a  temperature  of  40°  F.  to  a  temperature  of 

o  inno  T7  ij  •     2»150  X  2,240  X  .13       _^  ^  ,    , 

2,190  F.  would  require  *  =  59.1  pounds  of 

l«,UUu  X  .o^ 

coke.     This  calculation  supposes  that  the  whole  of  the  car- 
bon is  converted  into  carbonic  acid,  but  if  carbonic  oxide  b 
formed,  a  very  different  result  is  obtained;  for  1  pound  of 
carbon  burned  to  carbonic  oxide  gives  out  only  4,453  units 
of  heat.     However,  by  admitting  air  above  the  zone  where 
the  oxide  is  formed,  the  carbonic  oxide  may  be  burned  par- 
tially or  totally  to  carbonic-acid  gas.     Allowing  10  percent 
for  moisture  in  the  coke,  10  per  cent,  for  radiation  of  heat 
through  the  linings,  and  20  per  cent,  for  loss  of  heat  passing 
off  at  the  top  of  the  cupola,  or  40  per  cent,  in  all,  the  amount 
of  coke  per    ton  of  metal  should  not  exceed  112  pounds, 
although  the  actual  consumption  is  usually  much  higher. 
The  combination  of  the  carbon  with  the  oxygen  of  the  air 
blown  in  through  the  tuyeres  produces  carbonic-acid  gas  at 
a  point  a  little  above  the  tuyeres,  and  this  in  passing  up 
through  the  fuel  heated  to  incandescence  takes  up  more 
carbon  and  is  converted  into  carbonic-oxide  gas.     If  this 
carbonic  oxide  will  have  oxygen  (or  air)  admitted  to  it,  it 
will  again  change  to  carbonic-acid  gas,  and  if  it  were  only 
possible  to  reach  all  of  the  descending  fuel  with  a  proper 
amount  of  air,  one  could  accomplish  the  theoretical  result 
of  melting  1  ton  of  iron  with  59  pounds  of  fuel.     In  prac- 
tice, however,  most  founders  consider  the  melting  of  1  ton 
of   iron  with   200   pounds  of   fuel,   or  a  ratio  of   1  to  10, 
as  good  work. 


PRB8SURB  AND  VOLUMB  OP  BLAST. 

82.     The  best  pressure  and  volume  of  blast  for  cupola 
work  are  largely  dependent  on  the  character  of  the  fuel  used 
Coal  requires  a  pressure  from  one-fourth  to  one-third  greater 
than  coke,  owing  to  its  being  a  more  dense  fuel.    The  vol- 
ume of  air  that  each  fuel  consumes  is  about  the  same.   Tb« 
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necessity  of  a  greater  pressure  for  coal  than  for  coke  results 
in  a  greater  loss  of  heat  when  using  coal  instead  of  coke. 
It  is  desirable  that  the  blast  be  as  strong  and  the  volume 
of  air  blown  into  the  cupola  be  as  great  as  can  be  utilized 
to  good  advantage.  However,  too  great  a  blast  pressure 
only  serves  to  cut  out  the  lining  of  the  cupola  and  reduces 
the  fluidity  of  the  metal. 

83.  Some  founders  have  blast  gauges  on  their  cupolas. 
This  is  a  very  good  plan  for  cupolas  in  which  the  tuyeres 
are  kept  open ;  but  when  this  is  not  done,  a  blast  gauge  is 
not  of  much  value  in  showing  the  amount  of  air  that  enters 
the  cupola.  This  is  due  to  the  fact  that  if  the  tuyeres  be- 
come stopped  up,  it  causes  a  greater  pressure  of  air  in  the 
outer  pipes  than  exists  in  the  interior  of  the  cupola.  As  a 
rule,  by  observing  the  speed  of  the  blower,  the  rate  of  melt- 
ing, and  the  force  of   the   blast  at   the  charging  door,  a 

TABLE  III. 


PRBSSURBS  ANI>  VOLUMES  OF  AIR  FOR  CUPOLAS. 


Inside  Diameter 

Melting  Capacity 

Cubic  Feet 

Pressure  in 

of  Cupola. 

per  Hour. 

of  Air 

Ounces  of 

Inches. 

Pounds. 

per  Minute. 

Blast 

22 

1,200 

324 

5 

26 

1,000 

507 

6 

30 

2,880 

768 

7 

35 

4,130 

1,102 

8 

40 

6,178 

1,646 

10 

46 

8,900 

2,375 

12 

53 

J  2, 500 

3,353 

14 

60 

16,560 

4,416 

14 

72 

23,800 

6,364 

J  6 

84 

33,300 

8, 880 

16 
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knowledge  of  the  volume  and  pressure  of  the  air  being 
utilized  in  the  cupola  can  be  obtained.  To  give  an  idea  of 
the  pressure  and  volume  used  on  cupolas  when  in  good 
working  order,  Table  III,  which  is  compiled  from  tbf 
results  of  numerous  tests  made  by  the  Sturtevant  Fan 
Company,  of  Boston,  Massachusetts,  is  presented. 


84.  The  blowers  used  for  furnishing  the  blast  tocupiilM 
are  "positive"  and  "non-positive"  in  character;  wliicli 
means  that  the  former  when  running  forces  a  constanl 
volume  of  air  into  the  cupola,  while  the  latter  will  furnish 
air  at  a  constant  pressure  in  the  pipes,  but  not  necessarily 
deliver  a  constant  volume  of  it  into  the  cupola. 


8S.     A  positive  rotary  blower  is  shown  in  Fig.  8.    The 
machine  is  driven  by  a  belt,  which  is  placed  on  the  pulley^;— 
gears  placed  inside  of  the  casings  B  and  C  connect  tlw 
upper  shaft  c  with  the    lower  shaft   //.      The  impellers  iir^ 
vanes  a  and  b  are  keyed  to  the  shaftsc  and  ri,  and  in  rotating 


within  the  casing  e  in  the  direction  of  the  arrow  /',  dnw 
the  air  in  at ^ and  discharge  it  at/.     The  impellers  areDOl 
in  contact  with  each  other  nor  with  the  casing,  but  are  si*-   , 
ply  a  close  working  fit;  ihey  aie  kepi  in  their  proper  pes' 
tious  in  respect  to  each  other  by  the  gear-wheels  connecWJJ 
the  two  driving  shafts. 
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88.     A  non-positive  blower,  or  fan,  as  it  i 


called,  is  shown 
fan  wheel  made  of  a 
number  of  vanes  fast- 
ened to  the  arms  of  a 
spider,  which  is  keyed 
to  the  driving  shaft  b. 
Pulleys  are  generally 
keyed  to  the  driving 
shaft  on  either  side  of 
the  case  and  are  belt- 
ed to  some  convenient 
countershaft  or  to  the 
belt  wheel  of  a  steam 
engine  or  electric  mo- 
tor. The  rapidly  re- 
volving fan  wheel 
draws  air  in  at  the  central  opening 
outlet  r,  whence  it  passes  through  a 
to  the  wind  belt  of  the  cupola. 


nonly 


r  casing  a  contain! 


nd  discharges  it  at  the 
lilable  pipe  connection 


87.  Blowers  should  be  set  on  a  solid  foundation  em- 
bedded in  the  Boor  and  should  be  bolted  down  rigidly  and 
placed  as  near  the  cupola  as  is  practicable.  The  farther 
away  the  blower  or  fan  is  placed  from  the  cupola,  the  more 
power  there  is  lost  by  friction  in  the  blast  pipes.  The  loss  of 
pressure  in  the  pipes  increases  directly  as  the  length  of  the 
pipe  and  as  the  square  of  the  velocity  of  the  moving  blast. 
Branch  pipes  leading  from  the  main  outlet  of  the  fan  or 
blower  should  have  their  combined  area  equal  to  that  of  the 
main  outlet,  and  the  area  of  all  pipes  should  be  increased  as 
the  distance  from  the  blower  or  fan  is  increased.  For  ex- 
ample, it  the  diameter  of  the  outlet  of  the  fan  is  3  inches, 
at  a  distance  of  30  feet  from  the  fan  the  pipes  should 
be  ^i  inches  and  at  a  distance  of  300  feet  they  should  be 
5i  inches.  These  fi^'Tes  are  taken  from  a  table  published 
by  the  Buffalo  Forge  Company,  Buffalo,  New  York.  In 
making   pipe   connections,  all   eltimvs   or   turns  should  be 
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rounded,  as  square  elbows  greatly  reduce  the  force  of  the 
blast  and  retard  its  delivery  to  the  cupola.  In  constructing 
pipes  and  branches,  care  must  be  exercised  to  have  all  the 
joints  air-tight. 


TAPPING  OUT  A  CUPOLA. 

88.  Tapping  is,  as  a  rule,  the  most  hazardous  part  of 
cupola  work,  for  if  a  man  does  not  understand  his  business 
or  goes  about  the  work  carelessly,  he  is  very  liable  to  be 
burned.  The  tools  used  for  tapping  consist  of  round  bars 
of  iron  or  steel  ranging  from  f  inch  to  1  inch  in  diameter, 
and  from  3  feet  to  12  feet  in  length.  The  longer  bars  are 
generally  used  where  the  ladles  are  placed  under  the  spout 
in  such  a  manner  as  to  prevent  the  cupola  tender  from 
standing  near  to  the  tap  hole.  Where  the  conditions  permit 
the  tender  to  stand  near  the  spout,  bars  3  to  5  feet  long  are 
used.  Tapping  bars  should  be  pointed  at  one  end,  so  that 
they  can  easily  pick  out  any  obstructing  bodies. 

89.  It  is  well  to  have  three  or  four  bars  constantly  on 
hand,  as  at  any  time  the  metal  that  comes  rushing  out  against 
the  point  of  the  bar,  even  before  the  hole  was  fully  opened, 
might  burn  away  the  point  of  the  bar  and  greatly  injure  its 
utility.  If  the  tender  finds  himself  without  bars  to  com- 
plete the  operation,  great  damage  may  occur  before  he  can 
find  one  by  the  iron  running  into  the  tuyeres.  Some  of  the 
extra  bars  should  be  made  of  steel,  having  their  points  of  a 
chisel  shape  and  well  tempered,  as  there  are  times  when  a 
tap  hole  may  clog  up  so  firmly,  that  it  will  require  $ood 
pointed  bars  and  a  sledge  to  open  them. 

90.  In  tapping,  the  bar  should  never  be  driven  straight 
into  the  center  of  the  tap  hole  after  the  manner  seen  at  i? in 
Fig.  10.  This  only  wedges  the  bar  and  makes  the  tapping 
more  difficult,  and  often  requires  a  sledge  to  drive  the  bar 
inwards;  this  method  may  do  once  or  twice  during  the  beat, 
but  if  repeated  continually  soon  creates  such  a  breast  as  to 
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yivc  trtmble  m  stopping  iiji.  1  In;  proper  way  to  tap  out  is 
to  dig  out,  as  it  were,  the  old  stopping  plug,  or  bnd,  by 
picking  around  tlie  miter  edge  of  the  tapping  hole,  applying 
the  tapping  bar  in  the  manner  shown  at  E.  By  working 
the  bar  around  the  outer  edge  of  the  stopping  bod,  it  is 
soon  loosened,  until 
the  pressure  of  the 
metal  is  about  to 
burst  the  bnd  out- 
wards. When  this  is  I 
dune,  the  point  of  I 
the  tapping  bar  can 
be  easily  inserted  at 
one  side  of  the  hole 
to  pry  the  daubing  i 
L-lear  of  any  support 
and  leave  a  clean 
hole  for  the  free  flow 
of    the    metal.      As  ^"''  "■ 

soon  as  the  bar  has  started  the  metal  freely,  its  point  should 
be  dipped  in  a  pail  of  water  to  cool  and  veharden  it.  By 
siich  treatment  as  this,  a  bar  is  kept  in  good  form  ready  for 
the  next  tap.  The  tender  should  always  have  some  stand 
or  place  in  which  to  keep  his  tapping  tools  and  stopping 
tools,  clays,  and  water  pail,  so  that  they  will  be  at  hand  the 
instant  they  are  needed. 


91. 


aroPRIKG    UP  A  CUPOLA. 

The  tools  use<l  for  stopping  up  the  tap  hole  when 


mi'tal  is  running  out  of  it  consist  of  long  "  bod  sticks  "  or 
rods,  of  the  shape  shown  in  Fig.  1 1.  The  iron  stopper  shown 
in  Fig.  !I  (a)  may  range  from  f  inch  to  1  inch  in  diameter, 
and  may  be  from  4  feet  to  12  feet  long.  The  wooden  bod 
stick  having  an  iron  end  a,  as  shown  in  Fig.  11  (b),  is  most 
convenient  where  long  bud  sticks  are  necessary.  Some 
tenders  use  an  all- wood  bod  stick,  ranging  from    1^  inches 
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to  2  inches  in  diameter.  These  are  objectionable,  for  when 
the  stopping  bod  falls  off  (which  is  a  common  occurrence) 
without  the  cupola  tender  noticing  it,  the  act  of  shoving  the 
bare  end  of  the  wooden  bod  stick  into  the  flowing  metal  will 


cause  the  iron  to  fly  in  all  directions,  and  may  result  ii 
badly  burning  any  one  standing  near  the  cupola  spout.  O^t  ^ 
the  two  forms  of  bod  sticks,  the  iron  one  is  preferable,  bn^^  t 
on  account  of  its  not  being  as  convenient  to  handle  as  thi 
wooden  ones,  it  is  not  so  generally  used. 

92.  When  first  stopping  up  the  tap  hole  after  the  bias 
has  been  started  and  as  the  metal  begins  to  run  out,  it  i 
best  to  push  a  1-inch  round,   dry  sand  core,  4  inches  t 
5  inches  long,  which  has  been  made  with  sea  coal  or  blackcm  — 
ing  mixed  in  its  sand,  into  the  tapping  hole,  since  with  sudb 
a  core  in  the  tapping  hole,  the  first  tap  can  be  made  easilf- 

93.  When  stopping  up  the  tap  hole  against  the  stream 
of  outflowing  metal,  it  is  better  not  to  push  the  stopping  rod 
directly  against  the  flowing  metal  in  an  effort  to  strike  tbf 
hole.     Such  a  method  causes  the  iron  to  be  divided  by  the 
stopping  stick  and  results  in  more  or  less  of  it  being  thrown 
out  of  the  spout  on  the  floor,  where  it  will  be  thrown  in  all 
directions;  and  it  may  also  wash  the  stopping  clay  from  the 
end  of  the  bar.     The  proper  way  is  to  hold  the  stopping  bod 
above  the  stream  and  when  near  the  stopping  hole  to  po^ 
it  down  ohlicjiicly,  which  brings  the  bar  at  a  sharp angte 
with  the  stream  and  permits  the  hole  to  be  stopped  in  a finn 
manner  without  causing  any  spattering  of  the  metal. 


§  38  FOUNDRY  WORK.  47 

94.  The  materials  used  for  making  stopping  clays  or 
bods,  where  the  cupola  is  tapped  at  short  intervals,  should 
be  of  as  friable  and  dry  a  nature  as  practicable.  In  such  a 
case  there  is  little  or  no  pressure  in  the  cupola  to  shove  out 
the  bods,  and  all  that  is  required  is  sufficient  tenacity  in  the 
stopping  clay  to  hold  back  the  blast  and  a  head  pressure 
of  1  or  2  inches  of  iron.  Having  the  stopping  bods  friable 
and  dry  will  make  tapping  easy  and  prevent  that  spattering 
and  boiling  of  the  iron  at  the  tap  hole  that  strong,  close, 
wet  bods  may  cause.  For  cupolas  that  are  tapped  at  from 
15-  to  20-minute  intervals,  the  stopping  mixture  should  be 
stronger  in  order  that  it  may  adhere  to  the  sides  of  the  tap- 
ping hole  sufficiently  to  hold  back  the  pressure  of  the  metal. 
With  a  longer  time  between  taps,  the  stopping  mixture  may 
be  stronger  without  causing  blowing,  as  there  is  more  time 
to  dry  it.  In  making  mixtures  for  short  interval  tapping, 
new  molding  or  loam  sand  mixed  with  about  one-third  of 
fireclay  works  very  well;  or  the  molding  sand  may  be  used 
by  itself,  having  been  wetted  with  thick  clay  wash.  Bod 
mixtures  for  use  where  there  are  long  intervals  between  taps 
generally  require  to  be  made  almost  entirely  of  clay,  mixing 
from  one-quarter  to  one-third  of  sea  coal,  blackening,  saw- 
dust, or  dried  horse  manure  with  the  clay.  In  mixing  the 
stopping  clays,  they  should  be  made  quite  stiff,  for  if  too 
soft,  the  mixture  cannot  be  made  to  stay  in  place. 


CAPACITY   OF  A  CUPOLA. 

95.  The  amount  of  iron  that  a  cupola  will  melt  cannot 
be  given  very  readily.  Some  founders  can  keep  a  cupola  in 
blast  and  doing  good  clean  melting  by  slagging  out,  for  a 
whole  week;  whereas,  if  it  were  not  slagged  out  it  would 
clog  up  in  a  few  hours.  To  give  an  approximate  idea  of  the 
amount  of  clean  iron  cupolas  should  melt  with  good  fuel 
and  still  have  a  clean  drop  when  not  slagged  out.  Table  IV 
is  given;  and  for  the  amount  cupolas  should  melt  per  hour, 
sec  Table   III.     When   founders   desire   to  complete  their 
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TABIvE    IV. 


MELTING   CAPACITY   OF    CUPOLAS. 

Inside  Diameter 
of  Cupola. 

Inches. 

Mcltinjj  Capacity 
When  Not  Slag- 
ging Out. 

Tons. 

20 

2 

25 

3 

30 

5 

35 

7 

40 

10 

45 

12 

50 

15 

55 

20 

GO 

25 

05 

30 

70 

35 

75 

40 

80 

50 

heats  in  from  1  to  2  hours  (the  latter  being  about  the  longest 
time  a  cupola  should  be  let  run  without  slagging),  Table  IV 
will  aid  them  in  selecting  the  size  of  cupola  they  should  use. 

96.  If  with  the  larger  size  of  cupolas  given  in  Table  IV, 
the  equipment  of  a  shop  or  the  force  of  employes  is  insuffi- 
cient to  carry  the  iron  away  from  the  cupola  as  fast  as  it 
would  melt,  and  the  weights  of  the  heats  are  in  keeping  with 
the  capacity  of  the  cupola  as  shown  in  the  table,  then  a 
smaller  cupola  should  be  used.  To  get  the  tonnage  out  of  it, 
it  would  be  necessary  to  slag  it  out  and  to  allow  more  time 
for  pouring  off.  This  can  be  carried  to  such  extremes  that 
a  cupola  over  30  inches  in  diameter  could,  by  having  upper 
tuyeres,  be  run  for  10  hours  or  more,  requiring  but  a  few 
men  to  take  care  of  the  iron. 
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COKB  AND  COAL  IN  MISLTING. 

97.  Coke  was  not  used  in  melting  until  it  was  tried  by 
the  Clinton  Furnace  of  Pittsburg,  Pennsylvania,  in  1800, 
when  its  value  was  demonstrated.  Since  that  time  its  use 
has  so  increased  that  now  very  few  are  found  using  coal 
entirely.  The  advantage  of  coke  over  anthracite  coal  lies  in 
its  requiring  less  blast  and  melting  the  iron  more  quickly 
than  coal;  furthermore,  it  generally  is  a  much  cheaper  fuel 
and  requires  less  time  to  kindle  it.  However,  coke  lacks  the 
ability  of  coal  to  sustain  heavy  burdens,  and  often  burns  too 
fast.  For  this  reason,  coal  excels  coke  for  melting  massive 
pieces  of  scrap  and  for  prolonging  heats  beyond  the  time 
possible  with  coke,  unless  slagging  out  is  practiced.  As  an 
example,  by  the  entire  use  of  coal  a  solid  block  of  iron 
weighing  6,000  pounds  was  melted  in  a  45-inch  cupola  by 
the  Pratt  &  Whitney  Company,  of  Hartford,  Connecticut. 

98.  In  charging  heavy  pieces  of  iron,  the  bed  of  fuel 
must  always  be  raised  higher  than  is  done  for  ordinary 
charging  of  medium  pig  and  scrap.  Where  a  founder  is 
having  trouble  in  extending  the  length  of  his  heat  and  does 
not  care  to  slag  out,  he  might  in  some  cases  find  coal  of 
assistance.  Some  founders  that  understand  this  make  the 
bed  of  coal  and  use  coke  only  for  the  charges,  while  others 
will  mix  the  coal  and  coke  together  all  the  way  through  the 
heat.  It  generally  takes  a  less  weight  of  coke  than  of  coal 
to  melt  iron;  but  owing  to  coke  being  lighter  a  given  weight 
of  it  will  stand  higher  above  the  tuyeres  or  will  be  deeper 
between  the  charges.  For  this  reason,  the  charges  of 
iron  are  generally  made  heavier  when  using  coal  than  for 
coke,  for  if  the  same  weights  of  coal  and  iron  were  used  that 
work  well  with  coke  and  iron,  there  would  not  be  sufficient 
coal  in  some  cases  to  divide  the  charges  of  iron  properly. 

99.  Coke  is  made  by  driving  the  volatile  matter  out  of 
certain  kinds  of  bituminous  coal.  This  operation  is  called 
coking  and  may  be  carried  on  in  special  kilns  or  in  ovens. 
Coke  differs  from  coal  in  structure,  for  the  driving  out  of 
the  volatile  matter  leaves  the  coke  more  porous  than  the 
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coal  from  which  it  was  made.  Carbon  and  ash  are  the  two 
chief  components  of  coke.  The  greater  the  amount  of  fiied 
carbon  and  the  less  ash  the  coke  contains,  the  better  are  its 
melting  qualities.  Another  component  that  may  give 
trouble  if  it  exceeds  .85  per  cent,  is  sulphur.  This  must  be 
watched  very  carefully,  as  coke  with  much  sulphur  will 
harden  the  iron  and  do  much  harm  when  soft  castings  are 
desired.  A  coke  possessing  a  silvery,  bright,  metallic  luster 
and  a  solid  hard  body,  with  cells  well  connected  and  of  a  uni- 
form structure,  is  generally  a  good  fuel  for  melting  iron. 

1 00«  The  kind  of  coke  generally  condemned  by  founders 
is  small-sized  coke  mixed  with  coke  dust,  or  coke  that  is  dark 
in  general  appearance  and  soft  in  quality.  Even  when  coke 
has  all  the  other  desirable  qualities,  but  is  small  in  size,  it  is 
liable  to  produce  bad  results  in  melting.  A  coke  may  not 
possess  the  desired  silvery,  bright,  metallic  luster,  but  be  of 

TABLE  V. 


ANALYSIS  OF  COKE. 


Where  Made. 


Connellsville,  Pa.,  Average 
of  3  samples 

Chattanooga,  Tenn.,  Aver- 
age of  4  samples 

Birmingham,  Ala.,  Aver- 
age of  4  samples 

Pocahontas,  Va.,  Average 
of  3  samples 

New  River,  W.  Va.,  Aver- 
age of  8  samples 

Big  Stone  Gap,  Ky.,  Aver- 
age of  7  samples 


Fixed 
Carbon. 


8(;.  0(3 
80.01 
87.20 
02. 53 
02.38 
03.23 


Ash. 


0.74 


10.34 


10.54 


5.74 


7.21 


5.00 


Sulphur. 


O.810 


1.505 


1.195 


o.r»o: 


0.503 


O.740 
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dark  color  having  black  ends,  and  still  be  good,  if  it  is  only 
large  and  of  a  hard,  uniform  character,  and  possesses  a  good 
structure.  To  give  an  idea  of  the  percentage  of  fixed  carbon, 
ash,  and  sulphur  in  coke  from  various  sections  of  this  coun- 
try. Table  V  is  given. 


BCONOMY    OF  FUBL  IN  MELTING. 

lOl.  Every  now  and  then  some  one  reports  melting  in 
the  ratio  of  1  to  10  or  12,  and  others  dispute  it,  claiming 
that  it  is  good  practice  if  they  can  melt  5  to  7  pounds  of 
iron  with  1  pound  of  fuel. 

The  man  melting  only  in  the  ratio  of  1  to  5  or  7  may  be 
doing  better  work  than  the  one  melting  in  the  ratio  of  1  to 
10  or  12.  These  ratios  depend  entirely  on  shop  conditions, 
the  character  of  the  castings,  fuel,  and  iron,  and  also  the 
manner  of  managing  the  heats.  For  example,  take  two 
40-inch  cupolas,  with  the  same  height  of  tuyeres  and  with  a 
capacity  of  9  tons  when  not  slagged.  One  shop  may  be 
called  upon  to  melt  4  to  5  tons  in  one  of  these  cupolas,  while 
another  might  be  required  to  melt  30  tons,  each  having  the 
same  class  of  fuel  and  iron.  There  is  little  difference  in  the 
height  of  the  bed  in  the  first  place  for  either  of  these  ex- 
tremes of  tonnage,  and  to  keep  up  the  bed  to  its  proper 
height,  about  the  same  weight  of  fuel  will  be  required  be- 
tween the  charges.  Figuring  up  the  ratio  or  percentage 
of  fuel  to  iron  each  of  these  founders  should  use,  it  is 
found,  taking  1,000  pounds  for  the  bed  and  200  pounds  be- 
tween the  charges,  that  the  one  melting  4  tons  of  iron 
would  use  1,600  pounds  of  fuel,  a  ratio  of  1  to  5,  while  the 
one  melting  30  tons  of  iron  would  use  5,800  pounds  of 
fuel,  a  ratio  a  little  better  than  1  to  10.  This  difference 
comes  largely  from  the  fact  that  if  but  1  ton  of  iron  was  to 
be  melted  it  would  require  about  as  much  fuel  in  the  bed 
or  above  the  top  of  the  tuyeres  as  if  30  tons  had  to  be 
melted.  Furthermore,  where  the  heats  may  be  of  the  same 
weight,  in  the  same  sized  cupolas  and  the  same  height  of 
lower  tuyeres,  one  man  may  have  the  best  of  fuel  (it  is  to  be 
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remembered  that  there  is  a  great  difference  in  the  quality  of 
fuel)  and  clean  medium-sized  iron  that  is  not  required  to  be 
melted  very  hot  for  his  work,  while  the  other  man  may  have 
conditions  the  reverse  in  every  particular.     Where  such  a 
difference  in  conditions  prevail,  one  might  melt  4  tons  with 
a  ratio  of  1  to  8,  while  the  other  could  not  do  better  than 
1  to  4.    There  is  this  much  that  is  certain,  it  is  not  economy 
for  any  founder  to  cut  down  so  closely  on  fuel  as  to  give 
him  a  dull  iron  when  his  work  demands  hot  iron ;  and  any 
one  following  this  practice  will  find  that  the  castings  lost  by 
dull  iron  and  the  expense  of  taking  care  of  bunged  ladles, 
cupolas,  etc.  will  greatly  exceed  in  cost  that  of  the  additional 
fuel  that  could  have  been  used.     This  is  not  written  to  ex- 
cuse those  using  large  quantities  of  fuel,  but  to  show  that 
there  are  conditions  that  must  be  considered  before  an  out- 
sider can  justly  pass  judgment  on  the  skill  of  a  melter. 


MRLTING   IRON   IN  SMALL  CUPOLAS  AND  MAKESHIFTS. 

102.  There  are  often  cases  where  one  would  like  to 
melt  iron  on  a  small  scale  for  commercial  or  experimental 
purposes.  By  reading  the  description  of  modern  cuplas. 
many  are  led  to  think  that  these  must  be  available  in  order 
to  melt  iron;  this  is  not  the  case,  however.  Iron  has  actii 
ally  been  melted  in  an  old  flour  barrel  that  was  lined  up  with 
clay  and  pieces  of  brick.  Not  many  years  ago  the  author 
melted  iron  in  a  12-inch  cupola  having  blast  furnished  by  a 
blacksmith's  bellows.  The  cupola  was  placed  on  a  wagon 
and  wheeled  through  the  streets  in  an  industrial  exhibition 
of  a  large  city's  manufacturing  establishments.  It  was  not 
a  special  device,  but  one  made  frc^n  an  old  piece  of  a  lO-incli 
sheet-iron  pipe,  24  inches  long,  set  on  a  flat  plate,  with 
l.J-inch  holes  on  each  side  of  the  pipe  about  3  inches  from 
the  bottom  for  tuyere  holes,  to  admit  the  blast  from  the 
bellows.  This  little  improvised  cupola  was  kept  in  blast  for 
about  I  hour  and  melted  something  like  200  pounds  of 
small  pieces  of  iron. 
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Pig.  12  is  shown  a  piece  of  an  old  shell,  lined 
:h  brick,  that  was  placed  alongside  of  a  reg- 
o  lie  used  for  experimental    purposes  and  for 
repair  work   when  the  regular  shop  cupolas 
blast.     This  cupola  has  melted  500  pounds  of 
leat  and  is  presented  here  tu  illustrate  how 
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readily  and  cheaply  one  can  devise  a  cupola  that  will  melt 
small     quantities    of    iron.       The    fuel    and    iron    used    for 
charging  such  small  cupolas   must   be  small  in  size.      The 
particular  cupola  shown  was  22  inches  inside  diameter  and 
30  inches  outside  diameter;   its  height  was  32  inches  and  the 
tuyere  having  a  diameter  of  IJ-  inches  was  placed  4  inches 
above  the  Imltom  plate.                                                                            ^^M 

FOUNDRY  WORK. 

(PART  5.) 


MAKING  CAST  IRON. 

!•  Occurrence  of  Iron  in  Nature. — It  is  probable 
that  no  chemically  pure  iron  occurs  in  nature,  except  in  the 
form  of  meteorites  that  have,  come  to  us  from  outside 
sources.  All  the  iron  in  nature  is  combined  with  some 
other  element;  and  while  there  are  many  iron  minerals, 
only  a  few  of  them  constitute  ores  of  iron,  on  account  of  the 
fact  that  many  contain  elements  that  render  them  unfit  for 
the  manufacture  of  cast  iron  or  steel.  Iron  ore  may  be  de- 
fined  as  any  iron-bearing  mineral  from  which  the  metal  can 
be  extracted  at  a  profit.  This  definition  will  bar  out  many 
minerals  containing  a  large  percentage  of  iron  on  account 
of  the  impurities  that  they  contain;  and  on  the  other  hand, 
it  will  admit  many  that  carry  a  low  percentage  of  iron  but 
no  injurious  elements.  The  ores  of  iron  are  oxides  and  car- 
bonates. Formerly  the  harder  magnetic  ores  and  the  hard 
hematites  and  carbonates  were  preferred,  but  with  modern 
blast-furnace  practice,  the  softer  and  more  easily  reduced 
ores  are  coming  into  more  general  use.  In  the  United 
States  very  few  furnaces  are  running  upon  ore  containing 
less  than  oO  i)er  cent.  iron.  The  balance  of  the  ore  is  com- 
posed of  oxygen,  silicon,  phosphoru.s,  lime,  sulphur,  magnesia, 
aluminum,  manganese,  and  occasionally  titanic  acid.     Some 

§39 

Copyright,  liioi,  by  Thk  Colliery  Kncinkkk  Company. 

Entered  at  Stationers'  Hall,  Lomlun. 

All  rights  reserved. 


2  FOUNDRY  WORK.  §  39 

ores  also  contain  organic  matter.  Most  of  the  impurities 
occur  in  very  small  amounts.  The  rich  ores  of  iron  contain 
from  60  to  68  per  cent,  metallic  iron,  while  those  low  in  iron 
(called  lean  ores)  may  contain  only  from  30  to  40  per  cent 

2.     Nature  of  Cast  Iron. — Chemically  pure  iron  is  soft 
and  ductile  and  can  be  forged  and  welded,  but  its  melting 
point  is  so  high  that  it  cannot  be  used  for  making  ordinary 
castings.      The  iron  commonly  known  as  cast  Iron  con- 
tains some  impurities  that  reduce  its  fusing  point  and  that 
change  its  characteristics  materially.     Wrought  iron  fuses 
above  3,000''  F.,  while  cast  iron  melts  at  about  2,500*' P. 
Carbon  is  the  element   that   makes  the  greatest  change, 
though   several   other    elements    are  active   in  producing 
changes;   these  with  their  effects  will  be  taken  up  later. 
The  fracture  of  cast  iron  varies  from  a  coarse,  semicryslaJ- 
line,  gray  to  a  fine,  close-grained,  white  fracture;  fonnerJjr 
all  iron  was  graded  by  its  appearance  when  broken.    Owing 
to  the  extreme  fusibility  of  cast  iron  it  is  used  for  making 
shapes  that  are  too  intricate  or  too  expensive  to  forge. 


BI.AST-FURNACE  PRACTICE. 


CONSTRUCTION  OF  BLAST  FURNACE. 

3.  The  blast  furnace,  like  the  cupola  furnace,  is  a  wl' 
shaft  into  which  alternate  layers  of  fuel,  flux,  and  ore  ar^ 
introduced.  But  unlike  the  cupola  furnace,  the  blast  fur- 
nace is  continuous  in  its  operation ;  all  the  material  charge 
into  the  top  of  the  furnace  is  reduced  to  a  liquid  condi- 
tion and  tapped  out  at  the  bottom.  Then,  too,  blast  fur- 
naces are  much  larger  than  cupolas,  the  height  of  v^ 
furnace  depending  somewhat  on  the  fuel  and  ore  used. 
Like  a  cupola  furnace,  a  blast  furnace  is  usually  madeofaii 
iron  shell  lined  with  some  refractory  substance;  but,  unlikf 
most  cupola  furnaces,  the  base  or  lower  portion  of  the  fur* 
nace  that  has  to  withstand  the  greatest  heat  is  generally 
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provided  with  :i  hollow  iron  shell,  outside  of  the  refractory 
lining,  through  which  water  is  circulated  to  cool  the  lining 
and  prevent  its  burning  out.  Such  hollow  linings  are  called 
water-jackets. 


FUELS    U8BD. 

4.  Charcoal. — The  best  and  purest  grades  of  cast  iron 
are  made  in  blast  furnaces  using  charcoal  as  a  fuel.  This  is 
on  account  of  the  fact  that  the  charcoal  does  not  contain  as 
much  sulphur  as  coal  or  coke,  and,  also,  because  the  ash  is 
of  such  a  nature  that  the  impurities  pass  into  the  slag 
rather  than  into  the  iron.  Owing  to  the  soft,  friable  nature 
of  charcoal,  it  is  impossible  to  use  as  high  a  blast  fur- 
nace with  this  fuel  as  when  coke  or  coal  is  used.  Charcoal 
blast  furnaces  are  rarely  more  than  30  or  40  feet  in  height 
and  are  of  comparatively  small  capacity.  The  charcoal  iron 
is  made  only  from  the  purest  and  richest  ores  and  is  used 
for  special  lines  of  manufacture. 

5.  Coke  and  Coal. — Coke  and  coal,  especially  anthra- 
cite coal,  are  used  in  blast  furnaces  as  fuel.  Owing  to  the 
strength  of  these  fuels  it  is  possible  to  carry  a  much  higher 
burden  in  the  blast  furnace;  hence,  these  furnaces  range 
from  Go  to  90  feet  in  height ;  they  are  also  larger  in  every 
way  than  those  burning  charcoal.  All  coke  and  coal  con- 
tain more  or  less  sulphur  that  will  injure  the  iron  to  a 
greater  or  less  extent,  and  these  fuels  also  contain  a  large 
amount  of  ash  that  must  be  fluxed  and  so  removed  from  the 
slag.  Nearly  all  the  cast  iron  of  commerce  is  made  in  fur- 
naces using  coke  as  a  fuel. 


BLAST. 

6.  Method  of  Producing:. — In  cupola  practice  two 
styles  of  blowers  are  used,  i.  e.,  fans  and  positive  rotary 
blowers.  Not  even  the  positive  rotary  blowers  can  econom- 
ically produce  a  blast  pressure  sufficiently  high  for  ordinary 
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blast-furnace  work;  hence  blowing  engines  are  used  that  are 
really  large  air  compressors. 

7.    Temperature. — Formerly  all  blast   furnaces  used 
cold  blast,  but  it  has  been  found  that  this  greatly  reduces 
the  temperature  of  the  furnace  at  or  near  the  melting  zone 
and  consequently  decreases  its  capacity,  so  that  now  tlie 
blast  is  usually  heated  to  a  greater  or  less  extent.     At  pres- 
ent the  cold  blast  is  used  very  rarely,  being  found  only  in  a 
few  charcoal  furnaces.     A  warm  blast  ranging  from  250^  to 
400°  F.  or  a  hot   blast   ranging   from   700**  to  1,100**  F.  is 
more  commonly  used  in  the  average  furnace,  while  some 
furnaces  use  a  superheated  blast  having  a  temperature  of 
from  1,100**  to  1,600**  F.     There  are  two  general  methods 
used  for  heating  this  blast.     In  one,  the  escaping  gases  fron 
the  furnace  are  allowed  to  pass  around  iron  pipes  through 
which  the  blast  is  drawn.     In  the  other,  the  escaping  gases 
from  the  furnace  are  allowed  to  burn  in  a  chamber  filled 
with  what  is  termed  '*  brick-checker  "  work,  this  being  com- 
posed of  bricks  loosely  piled  up,  as  in  a  brick  kiln.    The 
burning  gases  give  up  a  large  percentage  of  their  heat  to 
the  bricks,  and  after  the  bricks  are  sufficiently  heated  Ihc 
gases  are  turned  into  another  chamber;  the  blast  for  the 
furnace  is  heated  by  being  drawn  through  the  chamber  con- 
taining  the  heated  bricks.     The  temperature  of  the  blast 
used    in    coke   or   anthracite  iron   furnaces  usually  ranges 
from  1,000°  to  1,300°  F.     The  weight  of  blast  that  passes 
through   a   furnace    in    making    iron    is   greater   than  the 
weight  of  all  the  fuel,  iron,  and  limestone  combined. 


ACTION   OF   BLAST   FURNACB. 

8.  Charfflns:. — The  iron  ore,  limestone,  and  coke  to  be 
charged  into  the  furnace  is  hoisted  to  the  top  of  the  stack 
by  means  of  an  elevator  or  inclined  plane,  and  dumped  into 
a  hopper  at  the  top  of  the  furnace.  This  hopper  is  closed 
at  the  bottom  by  a  conical  casting,  called  the  bell.  After 
the  pn)j)er  amount  of  charge  has  been  distributed  around 
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lliis  bell,  the  bell  is  lowered  and  the  charge  allowed  to  fall 
into  the  furnace,  after  which  the  bell  is  raised  to  its  proper 
position.  The  bell  serves  to  seal  the  top  of  the  furnace  and 
make  it  gas-tight. 

9*  Reactions  in  Furnace. — The  blast  is  regulated  so 
that  thdre  is  not  enough  air  blown  into  the  furnace  to  com- 
pletely burn  the  carbon  of  the  fuel.  The  carbon  is  all 
burned  to  carbonic  oxide  CO  and  some  of  it  to  carbonic- 
acid  gas  CO^,  The  hot  carbonic  oxide  passing  through  the 
furnace  reacts  on  the  ore,  taking  oxygen  from  it  and  so  be- 
ing reduced  to  carbonic-acid  gas  CO^,  This  extraction  of 
oxygen  from  the  ore  reduces  it  to  metallic  iron,  and  the 
metallic  iron  in  turn  takes  up  more  or  less  carbon  and  set- 
tles with  it  to  the  melting  zone.  This  is  from  2  to  4  feet 
above  the  tuyeres.  At  this  point  all  the  constituents  of  the 
charge  are  rendered  fluid  and  the  iron  in  melting  takes  up 
the  requisite  amount  of  carbon  to  make  cast  iron.  From 
10  to  30  per  cent,  of  the  ore  and  from  10  to  14  per  cent,  of 
the  fuel  charged  into  a  blast  furnace  are  composed  of  earthy 
matter  and  ash,  which  must  be  carried  off  as  slag.  A  por- 
tion of  this  earthy  matter  is  basic,  the  rest  acid.  If  the 
basic  and  the  acid  portions  were  equal,  the  ore  would  be 
self-fluxing  and  would  form  a  slag  without  the  addition  of 
any  other  material;  but  in  most  cases  the  acid  elements,  as 
silicon,  predominate  and  this  necessitates  the  addition  of 
limestone  as  a  flux  to  carry  off  the  excess  of  silicon.  If  too 
much  lime  or  too  much  silicon  is  present,  the  slag  will  be 
thick;  if  approximately  the  right  amount  is  present,  the 
slag  can  be  made  very  thin  and  fluid  so  that  it  will  separate 
thoroughly  from  the  iron.  As  the  charge  first  starts  down- 
wards in  the  furnace,  the  limestone  is  burned  to  quicklime 
by  the  driving  off  of  carbonic-acid  gas.  Moisture  in  the 
charge  is  also  driven  out  in  the  top  of  the  furnace.  Owing 
to  the  fact  that  the  slag  is  lighter  than  the  iron,  it  floats  on 
the  surface  of  the  latter  and  is  tapped  off  through  a  separate 
and  a  higher  tap  hole  than  that  used  for  removing  the  iron, 
the  slag  being  tapped  off  just  previous  to  tapping  for  iron. 

5".  Vol.  IV.— 30. 
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10«     The  proportions  of  fuel,  limestone,  and  ore  must  be 
carefully  calculated ;  for  if  the  ore  is  not  properly  reduced,  a 
portion  of  the  iron  will  pass  into  the  slag.     In  this  case  the 
iron  that  is  obtained  will  be  low  in  silicon  and  high  in  sul- 
phur.    This  may  be  due  to  an  insufficient  amount  of  heat, 
on  account  of  which  much  partly  reduced  iron  arrives  at  the 
melting  point  and  the  silica  is  all  utilized  in  carrying  oflf  the 
unreduced  iron  ore.     When  a  furnace   is  working  in  this 
manner,  it  is  said  to  be  working  cold.     A  larger  percentage 
of  fuel  and  an  increase  in  the  heat  of  the  blast  makes  the 
furnace  work  hot  and  causes  the  iron  to  absorb  more  silicon. 

11.  The  carbon  in  iron  is  obtained  from  the  fuel  of  the 
furnace,  and  the  amount  of  total  carbon  that  iron  will  ab- 
sorb depends  on  the  working  conditions  of  the  furnace  and 
on  the  percentage  of  silicon,  manganese,  and  sulphur  in  the 
iron.  The  presence  of  a  large  amount  of  silicon  reduces  the 
power  of  iron  to  absorb  carbon;  while  on  the  other  hand  an 
increase  in  the  percentage  of  manganese  enables  iron  to  ab- 
sorb more  carbon.  This  characteristic  of  manganese  is 
shown  in  the  manufacture  of  Spiegel  iron,  which  may  con- 
tain as  much  as  0  per  cent,  of  carbon.  In  case  the  iron 
contains  less  than  .75  per  cent,  of  manganese,  it  cannot 
carry  much,  if  any,  more  than  3.5  per  cent,  of  carbon, 
though  in  rare  cases  it  may  contain  over  4  per  cent. 

It  is  claimed   that  if  chromium   is  substituted  for  man- 
ganese, it  will  enable  iron  to  absorb  as  much  as  12  percent 
of  carbon. 

12.  The  sulphur  in   iron   is  obtained   chiefly  from  the 
fuel,  only  a  small  portion  of  it  coming  from  the  ore  and  tk 
fluxes.      If  limestone  is  us(^d  as  a  flux  and  the  slag  is  ht't 
and  fluid,  it  will  usually  absorb  and  carry  off  a  large  amount 
of  the  sulphur;  while  if  the  slag  is  allowed  to  get  thick  and 
sluggish  and  the  furnace  is  acting  cold,  more  of  thesiilpn"'' 
will  go  into  the  iron.      Low-suli)hur  or  high-grade  pig' 'J*^'" 
is  generally  obtained  by  having  a  hot   furnace  well  hiii  n"  |. 
excessively  fluxed  with  lime.     High-silicon  iron  and  iron  tw 
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is  also  high  in  sulphur  may  be  obtained  by  having  a  hot  fur- 
nace poorly  fluxed  with  lime.  When  the  furnace  is  working 
hot  with  a  thin  slag,  the  silicon  tends  to  go  into  the  iron 
and  the  sulphur  into  the  slag. 

1 3.  Tapping. — The  slag  is  tapped  from  a  hole  at  the 
side  of  the  furnace  and  is  generally  run  into  suitable  cars  and 
removed  from  the  furnace,  while  the  iron  is  tapped  from  a 
hole  at  the  front  of  the  furnace  and  is  either  run  directly 
into  the  pig  bed  or  into  a  ladle,  from  which  it  is  taken  to  a 
pig  bed  or  a  casting  machine. 


CASTING    PIG  IRON. 

14.     Using  Sand  Molds. — The  metal  as  it  flows  from 
a  furnace  is  run  either  into  sand  molds  or  iron  chills.     If 
the  former,  it  runs  from  the  tap  hole  down  a  long  runner 
having  an  incline  of  about  1  foot  in  18  feet.     From  this  it  is 
led  by  branch  runners  to  the  pig-bed  molds.     Each  of  these 
branch  runners,  as  it  fills  up,  is  stopped  off  with  an  iron 
cutter  driven  into  the  main  runner  a  few  feet  from  the  first 
lower  branch  opening;  another  branch  runner  is  then  oi)ened 
by  pulling  away  the  sand  that  divides  the  main  runner  from 
the  branches.     This  operation  is  continued  until  the  upper- 
most  pig   bed   is   reached,    at   which  time  the  furnace   is 
generally  freed  of  its  metal  for  that   tap.     When  the  i)igs 
have  become  solid  enough  not  to  bleed  (let  molten  iron  flow 
out)  when  broken,  sand  to  a  depth  of  about  ^  inch  is  thrown 
over  the  surface.     One  or  two  gangs  of  men  wearing  shoes 
having  heavy  wooden  soles  now  start  at  the  lower  end  to 
break  the  pigs  away  from  the  sows,  or   branch   runners,  by 
means  of  long,  pointed  bars.     After  the  pigs  are  separated, 
the  sow  is  broken  into  small  pieces  by  the  use  of  bars  and 
sJedges. 

A  bed  containing  about  500  pigs  and  18  sows  can  be  broken 

in  about  30  minutes  by  3  men.     After  the  pigs  and  sows  are 

aJI  broken,  a  large  stream  of  water  is  turned  on  to  cool  the 

metal,  so  that  it  can  be  removed  from  the  casting  house  and 
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piled  in  cars  or  in  the  iron  yard  ready  for  shipment  to  con- 
sumers. As  soon  as  the  pigs,  etc.  are  removed,  another  set 
of  pig  beds  are  molded  on  the  opposite  side  of  the  casting 
house  ready  for  the  next  cast  of  iron. 

1 5.  Uslns  Iron  Molds. — In  order  to  avoid  the  heavy 
sand  scale  that  forms  on  pigs  cast  in  sand  molds,  and,  also, 
to  do  away  with  the  labor  of  making  up  the  pig  bed,  attempts 
have  been  made  to  cast  pig  iron  in  iron  molds.     In  some 
cases  the  iron  molds  are  placed  in  the  pig  bed  itself.    These 
molds  are  from  6  to  10  feet  long  and,   usually,  somewhat 
greater  in  cross-section  than  the  ordinary  pig.     Before  the 
iron  is  allowed  to  flow  into  them,,  the  molds  are  sprinkled 
over  with  a  wash  of  clay  water  or  lime  water,  the  water 
evaporating  and  leaving  a  coating,   to  prevent  the  iron 
sticking  to  the  surface  of  the  mold.     Iron  is  conducted  to 
the  molds  by  means  of  the  ordinary  runners  and  branchei 
Owing  to  the  great  weight  of  these  pigs,  they  have  to  be 
handled  and  broken  by  mechanical  means.     More  or  less 
trouble  has  been  experienced  in  the  cracking  and  breakihg 
of  the  large  molds  and  occasionally  from  the  difficulty  of 
removing  the  iron  from  them,  though  owing  to  the  great 
length  of  these  pigs  the  shrinkage  usually  frees  the  pig 
without  any  difficulty. 

16.  In  order  to  make  the  casting  process  continuous, 
various  forms    of  casting  machines   have    been  invented. 
Practically  all  of  them  produce  small  pigs  that  do  not  requin? 
much,  if  any,  breaking  before  being  charged  into  the  cupola. 
There  are  two  general  styles  of  casting  machines;  in  one 
style  a  series  of  molds  moves  around  on  an  endless  belt,  Kt^ 
a  chain  conveyer.     The  molds  are  given  a  coating  of  liflJ* 
water  as  they  return  along  the  under  side  of  the  conveyer,  j/j^ 
the  lime  water  being  splashed  into  the  molds  by  a  suitabfc 
mechanism.     Just  after  the  molds  come  from  the  wheelat^  t- 
the  head  they  receive  the  molten  metal  from  the  ladJe.  '^ 
pigs  cool  as  they  are  carried  down  the  conveyer,  and  *  J^:^ 
contraction,  together  with  the  coating  of  lime  on  thetaoH 
frees  them  from  the  mold.     At  the  lower  end  of  the  conveytf 
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there  is  usually  arranged  an  automatic  knocking  devic.e  to 
insure  the  removal  of  the  pig  from  the  mold.  These  casting 
machines  are  frequently  arranged  to  charge  the  pigs  directly 
into  cars. 

In  the  other  style  of  casting  machines,  the  short  molds 
are  arranged  radially  around  the  periphery  of  a  large  wheel, 
the  iron  being  poured  into  the  molds  at  one  point  and 
dumped  out  of  the  molds  at  the  opposite  side,  the  molds 
then  being  coated  with  a  suitable  wash  and  returned  to  the 
casting  end.  In  the  case  of  casting  machines,  the  iron  is 
taken  to  the  machine  in  ladles  and  frequently  one  machine 
or  group  of  machines  receives  the  iron  from  several  furnaces. 

17.     Advantages  of  Piss  Cast  in   Iron   Molds. — 

Sandless  or  chilled  pig  iron  cast  in  a  casting  machine  has 
several  advantages  over  that  cast  in  sand  molds.  In  the 
first  place,  the  fact  that  the  metal  is  caught  in  a  ladle  before 
being  poured  into  the  pigs  gives  a  much  more  uniform 
product  than  is  possible  by  the  old  method  of  casting  pigs 
in  beds.  The  second  point  of  advantage  that  sandless  pigs 
possess  is  their  freedom  from  heavy  sand  scale  so  common 
to  pigs  cast  in  sand  beds.  The  freer  from  sand  scale  pig 
iron  is,  the  less  dirt  there  will  be  in  the  cupola  and  the  less 
fuel  will  be  required  to  melt  the  iron. 

Some  have  thought  that  casting  pigs  in  iron  molds  would 
so  chill  them  as  to  injure  the  iron.  Unless  the  iron  is  below 
1  percent,  in  silicon,  or  above  .05  per  cent,  in  sulphur,  there 
will  be  little  or  no  evidence  of  chilling  in  the  fracture  of 
sandless  pigs.  Even  if  the  metal  is  chilled,  no  harm  will 
result,  as  in  remelting  the  metal  will  be  soft,  as  will  be  shown 
later. 

18.     Sesresation  of  Different   Elements  in    PIk 

Iron. — Very  frequently  pigs  taken  from  different  parts  of 

the  same  cast  will  be  found  to  vary  greatly  in  composition. 

^t  is  not  uncommon  for  the  metal  at  one  tap  to  contain 

1  per  cent,  more  of  silicon  at  one  end  of  a  tap  than  at  the 

other,   and   to   have  a   difference  of   over  .05  per  cent,    in 

*"'phur,  as  shown  by  Table  I.     The  beds  are  numbered  as 
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they  were  cast.  No.  1  being  the  farthest  from  the  furnace. 
receives  the  iron  first,  and  No.  G  last.  Table  II  sbovs 
the  results  from  the  same  furnace  under  normal  conditions. 
These  tables  show  what  unsatisfactory  re.sults  a  founder 
using  furnace  casts  of  iron  that  are  so  irregular  in  their 
silicon  and  sulphur  contents  can  expect.  They  also  show 
the  wisdom  of  thoroughly  mixing  furnace  casts  of  iron 
before  they  are  charged  into  a  cupola,  where  uniform  rt-suits 
are  desired  in  castings. 


TABLE    I. 


AKALVBIB  OF  PIG   BBDS  IN   A  CHANGEABLE  PI7RKACH. 

Number  of  Bed. 

' 

2 

3 

4 

5 

t 

.eo 

.084 

.68 
.071 

.70 

.ons 

1.00 
.050 

1.25 
.042 

Sulphur         

.02: 

T 

ABLt 

II. 

Number  of  Bed. 

1 

a 

a 

4 

B 

» 

Silicon 

Sulphur 

a.  18 

.021 

a.  IS 

,021 

.020 

2.23 

.Oli) 

2.25 
.019 

.01» 

Some  furnacemen  make  an  effort  to  thoroughly  rail  th*" 
pig  iron  so  as  to  give  uniform  results  even  from 


casts  of  iron.  This  will  be  appreciated,  as  few  founite> 
have  any  opportunity  for  mixing  the  iron  as  it  comes  oul« 
cars  before  being  charged  into  the  cupola.  Silicnn  3odsi«' 
phur  are  the  elements  that  arc  the  most  unevenly  distribuW 
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in  furnace  casts  of  pig  iron,  as  phosphorus  and  manganese 
rarely,  if  ever,  vary  sufficiently  to  change  the  grade  of  a 
brand  of  iron  to  such  an  extent  as  do  the  silicon  and  sulphur. 

19.  System  of  Grading  Pig  Iron.  —  Previous  to 
1802-1894,  most  furnacemen  had  their  pig  iron  graded  en- 
tirely by  the  appearance  of  the  fracture.  The  iron  having 
the  most  open  grains  was  called  a  No.  1  iron,  the  iron  next 
in  order  No.  2,  and  so  on  up  to  Nos.  5  or  7,  according  to 
furnacemen's  ideas  of  classification.  These  latter  high 
numbers  generally  indicated  a  mottled  or  white  grade  of 
iron  giving  hard  iron  in  castings.  Since  furnacemen  com- 
menced to  make  iron  by  analyzing  the  ores,  fluxes  and  fuel 
that  go  into  a  furnace  and  the  iron  and  slag  that  come  out 
of  it,  they  have  learned  that  the  appearance  of  the  fracture 
of  iron  is  generally  deceptive  and  that  the  only  safe  guide  is 
to  depend  on  the  analysis  of  the  iron  in  defining  its  grade. 
This  is  due  to  the  fact  that  the  size  and  character  of  grain 
in  cast  iron  depend  largely  on  the  rate  of  cooling. 

If  two  castings  are  made  from  the  same  pattern,  poured 
from  the  same  ladle  and  gates,  one  being  formed  in  sand 
and  the  other  in  iron,  so  as  to  make  a  difference  in  the  rate 
of  cooling,  it  will  be  found  that  the  one  that  was  cast  in  the 
iron  mold,  and  hence  cooled  first,  will  be  much  closer  in 
grain  than  the  one  cast  in  sand,  and  so  cooled  more  slowly. 
The  rate  of  cooling  always  affects  the  grain  of  cast  iron. 
When  it  is  considered  that  there  are  rarely  two  furnace 
casts  of  pig  iron  that  come  out  of  a  furnace  alike  in  fluidity, 
that  fill  the  pig  molds  in  the  same  length  of  time,  or  that 
give  the  same  size  of  pigs,  it  is  evident  that  the  grain  of  the 
iron  as  exposed  by  fracture  will  vary  greatly.  There  are 
still  some  of  the  old-school  founders  who  think  they  can 
judge  pig  iron  by  fracture,  and  when  they  do  not  get  the 
results  from  the  cupola  mixtures  that  they  expected,  they 
will  excuse  the  bad  work  on  the  gr(>und  that  the  fuel  was 
bad,  that  there  was  a  mistake  in  charging  by  getting  the 
wrong  iron,  or  again  that  they  had  i)()or  blast,  or  that  the 
wind  was  blowing  the  wrong  way,  etc. 
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20«     Many  interesting  experiments  have  been  made  to 
determine  the  relation  between  the  grain  of  iron  and  its 

chemical  composition,  and  it  has 
been  found  that  the  grain  depends 
on    the    physical    characteristics 
rather  than  on  the  chemical.    In 
order  to  carry  on  a  series  of  tests 
along  this  line,  Mr.  Thomas  D. 
West  constructed  the  double  cu- 
pola shown  in  Fig.  1.    This  is  sim- 
ply a  small  cupola  having  a  tap 
hole  a  on  each  side  and  a  brick  di- 
viding wall  d  in  the  center.    At  the 
lower  part  of  the  furnace  there  is 
an  arch  r  connecting  the  two  sides, 
but  the  sand  bed  d  is  made  high  in 
the  middle  and  the  charging  done 
in  such  a  manner  that  there  is 
practically  no  chance  for  the  iron 
to  mix.    This  furnace  gave  oppor- 
tunity for  producing  practically  the  same  conditions  on  both 
sides  so  as  to  compare  the  melting  points  or  other  properties 
of  metal. 

Among  other  experiments  that  Mr.  West  tried  was  one 
in  which  he  melted  two  pieces  of  pig  iron,  one  of  which 
possessed  a  very  open  grain,  which,  judging  from  the  frac- 
ture, would  indicate  the  softest  kind  of  casting,  but  analysis 
showed  that  it  should  have  produced  a  hard  casting,  while 
the  other  pig  was  close-grained  and  the  surface  full  of  blow- 
holes, such  as  usually  occur  in  the  presence  of  a  large  amount 
of  sulphur,  so  that  judging  from  its  fracture  it  would  pro- 
duce a  hard  casting,  though  the  analysis  showed  exactly 
opposite  conditions.  The  analysis  of  the  first  was  1.25  per 
cent,  of  silicon  and  .035  per  cent,  of  sulphur;  while  that  of 
the  second  was  2.80  per  cent,  of  silicon  and  .04  per  cent, 
of  sulphur.  The  iron  obtained  by  melting  both  pigs  was 
cast  in  exactly  similar  molds,  each  mold  being  provided  with 
one  gate  and  arranged  to  produce  a  number  of  castings  of 
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various  thicknesses,  the  end  of  all  the  castings  being  against 
a  chill,  so  as  to  determine  the  chilling  effect.  The  iron  from 
the  first  specimen,  which  had  appeared  soft  in  the  pig,  gave 
very  hard  castings  that,  in  the  case  of  the  thinner  ones, 
could  not  be  machined  at  all ;  while  that  from  the  second 
pig,  which  had  appeared  hard,  gave  very  soft  castings 
that  could  easily  be  machined.  In  the  first  casting,  which 
appeared  soft,  the  chilling  of  the  ends  of  the  specimens  was 
marked,  while  the  castings  from  the  second,  pig,  which 
appeared  hard,  showed  practically  no  chilling  whatever. 
Both  Mr.  West  and  several  other  founders  have  carried 
on  a  series  of  experiments  along  this  line  that  seem  to  prove 
conclusively  that  the  grain  of  iron  depends  on  its  physical 
characteristics  and  that  all  iron  should  be  graded  according 
to  its  analysis  and  not  according  to  its  grain.  The  subject 
of  grading  by  analysis  will  be  taken  up  later. 


COMPOSITION  OF    PIG    IRON. 

21*     Blemeiits  Contained    in    Pig    Iron. — The    pig 

iron  made  by  blast  furnaces  generally  contains  from  92  to  00 
per  cent,  of  metallic  iron.  The  other  4  to  8  per  cent,  con- 
sists chiefly  of  impurities  in  the  form  of  sulphur,  phos- 
phorus, carbon,  manganese,  and  silicon.  While  it  is  true 
that  the  five  elements  mentioned  above  are  impurities  in 
cast  iron,  they  are  really  the  elements  that  make  cast  iron 
of  any  commercial  value,  as  pure  iron  would  be  almost 
worthless  for  purposes  of  founding.  The  physical  qualities 
required  in  pig  iron  for  the  construction  of  castings  .depend 
entirely  on  the  percentages  of  the  above  elements  present. 
The  efffect  each  of  the  elements  has  in  changing  the  physical 
character  of  cast  iron  will  be  taken  up  later. 

22.  Elements  That  Are  Fairly  Constant  in  Pifir 
Iron. — All  the  best  modern  blast  furnaces  are  provided 
with  pyrometers  for  determining  the  temperature  of  the 
^a.ses  escaping  at  the  top  of  the  furnace  and  of  the  ingoing 
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blast.  This  enables  the  manager  to  control  the  heat  in  his 
furnace  very  closely  and  thus  prevent,  in  a  large  measure, 
irregularities  arising  from  this  source.  The  working  of  the 
furnace  is  largely  controlled  by  varying  the  temperature 
and  pressure  of  the  blast. 

Ordinarily  the  phosphorus  in  the  pig  iron  will  remain 
fairly  constant  as  long  as  the  same  fuels,  ores,  and  fluxes 
are  used,  even  though  the  furnace  may  be  working  quite 
irregularly. 

Manganese  can  also  be  kept  practically  C9nstant  if  the 
heat  of  the  furnace  can  be  fairly  closely  controlled,  and 
even  when  a  furnace  works  quite  irregularly,  the  percentage 
of  manganese  will  not  vary  greatly  with  the  same  ores, 
fuel,  and  fluxes. 

23.  Elements  Ttiat  Vary  in  Pis  Iron. — Even  with 
the  greatest  care  in  the  control  of  a  furnace,  it  is  impossible 
to  keep  certain  of  the  elements  constant.  The  two  that 
give  the  most  trouble  along  this  line  are  silicon  and  sulphur. 
Carbon  also  gives  more  or  less  trouble. 

The  percentage  of  silicon  depends  very  largely  on 
whether  the  furnace  is  working  hot  or  cold.  A  hot  furnace 
with  plenty  of  fuel  will  tend  to  put  silicon  into  the  iron,  es- 
pecially if  it  is  well  fluxed;  if  these  conditions  can  be  main- 
tained, the  percentage  of  silicon  can  be  held  fairly  constant, 
but  there  are  many  irregularities  that  occur  even  with  the 
greatest  care  in  regard  to  blast.  The  most  common  of 
these  is  called  **  scaffolding."  When  this  occurs,  the  charge 
becomes  hung  up  in  the  furnace  and  then  finally  drops 
or  slips  down  into  the  bosh,  or  crucible,  thus  suddenly 
bringing  a  large  amount  of  comparatively  cold  material  into 
the  melting  zone.  When  these  conditions  prevail,  it  is  im- 
possible to  keep  the  silicon  anywhere  near  constant. 

The  same  cause  that  carries  the  silicon  into  the  slag,  i.  c.. 
low  temperature,  will  reduce  the  power  of  the  slag  to  carry 
off  sulphur  and,  hence,  drives  the  sulphur  into  the  iron. 

The  percentage  of  total  carbon  is  not  affected  so  much  by 
the   irregularities  in   the   furnace  as  by  the  fact  that  the 
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higher  the  percentage  of  silicon,  the  less  power  has  iron 
to  absorb  carbon;  and  as  the  manganese  remains  fairly 
constant  in  any  given  furnace  under  stated  conditions,  the 
percentage  of  total  carbon  will  generally  decrease  with  an 
increase  in  the  percentage  of  silicon. 

Owing  to  the  fact  that  phosphorus  and  manganese  are 
fairly  constant  in  the  iron  from  any  given  furnace,  it  is 
evident  that  the  elements  to  which  the  founder  has  to  pay 
the  most  attention  are  silicon  and  sulphur. 


KINDS  OF   PIG   IRON. 

24.  Bessemer  Iron. — Bessemer  iron  is  chiefly  made 
for  use  in  the  manufacture  of  steel  ingots  and  their  products, 
also  ingot  mold  castings.  Regular  Bessemer  iron  must  not 
exceed  .1  per  cent,  of  phosphorus,  2.5  per  cent,  of  silicon, 
and  .05  per  cent,  of  sulphur.  The  manganese  can  vary 
from  .30  per  cent,  to  1  per  cent.,  or  over,  according  to  the 
conditions  required.  Unless  Bessemer  iron  is  used  to  make 
steel  by  the  basic  process,  a  method  by  which  phosphorus 
can  be  greatly  removed  from  iron,  it  will  not  be  accepted  by 
steel  makers  if  over  .1  per  cent,  in  phosphorus.  If  it  goes 
over  this  limit  or  is  higher  than  .05  per  cent,  in  sulphur,  it 
is  called  **off  Bessemer."  There  are  some  castings  in 
which  Bessemer  pig  iron  can  be  used.  This  is  chiefly  for 
castings  not  requiring  good  life  in  the  iron  while  licjuid,  as 
Bessemer  iron,  on  account  of  its  low  phosphorus,  loses  its 
life,  or  fluidity,  much  quicker  than  iron  possessing  more 
phosphorus. 

25«  Foundry  Iron. — Foundry  iron  differs  from  Besse- 
mer in  that  its  phosphorus  may  run  up  to  1  per  cent,  or  over, 
and  the  silicon  from  2  to  4  per  cent.  The  effect  of  phos- 
phorus on  iron  is  treated  later. 

The  fracture  of  foundry  iron  cannot  be  told  from  that  of 
^Bessemer  iron,  neither  is  there  much  difference  in  their 
strength.  Foundry  iron  flows  better  and  can  be  used  for 
snaking  more  intricate  castings. 


16  FOUNDRY  WORK.  §39 

26.  Charcoal  Iron. — As  a  rule,  charcoal  iron  is  strong- 
er than  foundry  and  Bessemer  iron;  it  rarely  exceeds  2  per 
cent,  in  silicon,  and  in  most  cases  possesses  less  sulphur 
than  is  possible  with  any  other  brand  of  iron,  while  phos- 
phorus and  manganese  occur  about  as  in  foundry  iron. 
Usually  charcoal  iron  can  be  distinguished  from  foundry  or 
Bessemer  irons  by  its  fracture,  which  is  generally  of  a  rich, 
dark,  close,  even  texture.  Charcoal  iron  generally  comes 
in  smaller  pigs  than  foundry  or  Bessemer  iron.  Its  lower 
percentage  of  sulphur  is  due  to  its  being  made  with  charcoal 
fuel,  which  is  practically  free  from  sulphur;  whereas  coke 
or  coal  may  contain  1  per  cent,  or  more  of  sulphur,  a  peat 
deal  of  which  passes  into  the  iron  in  the  blast  furnace. 

27.  Ferrosilicon  Iron.  —  Ferrosilicon  iron  contains 
from  6  to  16  percent,  of  silicon,  .01  up  to  .05  per  cent,  and  over 
of  sulphur,  ,5  to  1.5  per  cent,  of  phosphorus,  and  often  a 
high  percentage  of  manganese,  with  the  total  carbon  much 
lower  than  in  foundry  irons,  which  is  due  to  the  fact  that 
silicon  reduces  the  power  of  iron  to  absorb  carbon.  The 
great  variation  that  can  occur  in  the  sulphur,  phosphorus, 
and  manganese  should  be  watched  carefully  or  else  much 
injury  may  result  from  the  use  of  ferrosilicon  irons  in 
foundry  mixtures.  This  iron  presents  a  silvery-white  flaky 
fracture  and  possesses  little  strength.  It  is  used  chiefly  in 
mixture  with  hard  grades  of  pig  iron  or  scrap  to  soften 
them.  The  high  percentage  of  silicon  in  this  iron  is  ob- 
tained by  the  use  of  highly  silicious  ores  and  an  excess  of 
fuel  in  the  blast  furnace.  Ferrosilicon  iron  generally  costs 
from  #4  to  $G  a  ton  more  than  foundry  or  Bessemer  irons, 
the  additional  cost  being  largely  due  to  the  extra  fuel 
required  in  its  manufacture.  In  order  to  increase  the  sili- 
con in  foundry  or  Bessemer  iron,  the  fuel  in  the  blast  fur- 
nace must  be  increased,  thus  adding  to  the  cost  of  any  iron 
high  in  silicon. 

28.  Gray  Forge  Iron. — Gray  forge  iron  is  the  cheap- 
est iron  made  and  rarely  exceeds  1  per  cent,  of  silicon.  It  is 
generally  very  high  in  sulphur,  often  exceeding  .1  percent 


§  39  FOUNDRY  WORK.  17 

It  may  also  be  high  in  phosphorus  and  manganese.  It  is 
often  derived  from  low  grades  of  foundry  iron  and  is  chiefly 
used  in  the  manufacture  of  water  pipe,  etc.,  and  as  mill  iron 
in  puddling  furnaces  to  produce  wrought  iron. 

29.  Basic  Iron. — Basic  iron  contains  less  than  1  per 
cent,  of  silicon  and  not  over  .05  per  cent,  of  sulphur.  The 
phosphorus  may  vary  from  .3  up  to  over  1  per  cent.,  but 
rarely  exceeds  A  per  cent.  The  manganese  is  usually  less 
than  1  per  cent. 


BFFBCT  OF  IMPURITIES  ON   PIG   IRON. 

30«  Rare  Elements. — The  physical  properties  of  dif- 
ferent brands  of  iron  frequently  show  marked  differences 
even  when  the  chemical  composition  seems  to  be  the  same, 
as  far  as  the  elements  ordiharily  determined  are  considered. 
At  times  these  differences  cannot  be  accounted  for  by  varia- 
tions in  the  rate  of  cooling  or  other  similar  causes.  It  is 
probable  that  many  of  them  are  due  to  the  presence  of  other 
elements  than  silicon,  sulphur,  phosphorus,  manganese,  or 
carbon.  Among  the  other  elements  that  are  known  to  exist 
in  some  brands  of  iron  in  appreciable  quantities  are  tita- 
nium, copper,  nickel,  sodium,  magnesia,  cobalt,  chromium, 
and  tungsten.  While  these  elements  are  not  present  in  ap- 
preciable quantities  in  much  of  the  iron  of  commerce,  it  is 
nevertheless  probably  true  that  many  irregularities  in  the 
working  of  iron  would  be  cleared  up  if  determinations  were 
made  for  these  and  possibly  other  elements.  Titanium  used 
to  be  comparatively  common  in  certain  brands  of  iron,  but 
on  account  of  the  difficulties  that  it  gives  the  furnaceman, 
ores  carrying  much  titanium  are  now  very  generally  avoided. 
It  is  probable  that  during  the  next  few  years  much  will  be 
learned  as  to  the  effect  of  these  rare  elements  and,  hence, 
the  foundry  manager  will  be  able  to  control  his  mixtures 
even  better  than  at  present. 

31*      Problems  Presented  by  Different  ClasHes  of 
Castings.  —  In    the    production    of    any    desired    class   ut 
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castings  there  are  two  problems  to  be  solv^ed.    The  first  is  the 
production  of  an  iron  having  the  proper  physical  character- 
istics, and  the  second,  the  production  of  an  iron  that  is  as 
cheap  as  it  can  possibly  be  obtained.     To  solve  both  of  these 
problems  it  is  usually  necessary  to  mix  different  grades  of 
pig  iron  and  scrap  together  to  obtain  economical  and  prac- 
tical mixtures.     When  the  great  number  of  classes  of  cast- 
ings that  must  be  produced  are  considered,  some  idea  can  be 
obtained  as  to  the  difficulty  of  adjusting  all  mixtures.  Among 
the  various  classes  of  castings  may  be  mentioned  chilled  and 
sand  rolls,  car  wheels,  ore  and  rock  crushers,  brake  shoes, 
dies  for  molding  melted  glass,  cannon  shot  and  shell,  ma- 
chinery castings,  hydraulic  cylinder  castings,  ingot  molds, 
annealing  pots  and  kettles,  flywheels,  stove-plate  castings, 
lock  hardware,   and   sash   weights.     Among  these  will  be 
found  all  classes  of  requirements,  including  in  the  different 
classes  extreme   hardness,    toughness,  the   ability  to  flow 
readily  so  as  to  follow  an  intricate  mold,  and  many  other 
diflicult  requirements.     In  the  case  of  some  of  these  cast- 
ings  considerable   variation  in  the  grade  of    iron  will  not 
seriously  affect  them,  but  in  other  cases  a  very  small  varia- 
tion  from  the  standard    required   will   make  them  totally 
worthless. 

32.  Necessity  for  Chemical  AnalyslH. — The  only 
way  that  some  classes  of  castings  can  be  produced  is  by 
carefully  analyzing  all  the  materials  that  go  into  the 
cupola.  It  will  not  do  in  all  cases  to  depend  on  the  analysis 
furnished  by  the  maker,  as  such  analyses  usually  have  to  be 
recorded  several  times  and  pass  through  several  hands,  Si> 
that  there  is  considerable  liability  to  make  mistakes,  and  a 
very  small  mistake  in  some  of  the  elements  will  ruin  some 
castings.  Then,  too,  the  analysis  furnished  may  not  give  a 
fair  average  of  the  metal  shipped,  as  will  readily  be  understot>d 
when  it  is  considered  to  what  an  extent  segregation  niay 
take  place  in  the  different  parts  of  the  pig  bed.  In  order  to 
insure  a  correct  analysis,  the  founder  should  either  employ  a 
chemist  himself  or  should  take  samples  of  the  iron  that  he 
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receives  to  a  chemist  and  have  them  analyzed.  As  a  rule, 
most  founders  can  control  their  iron  sufficiently  close  by 
having  determinations  of  the  sulphur  and  silicon  made,  as 
the  phosphorus,  manganese,  and  total  carbon  will  generally 
run  fairly  uniform  in  a  given  brand  of  iron  from  any  given 
furnace  and  hence  these  determinations  will  not  have  to  be 
made  for  every  lot  of  metal. 

33.  Taktns  Samples  for  Analysts. — The  sampling  of 
a  given  lot  of  iron  is  often  one  of  the  most  difficult  problems 
to  contend  with.  For  ordinary  purposes  it  is  usually  accurate 
enough  to  take  one  pig  from  near  each  end  of  the  car  and 
three  or  four  others  from  different  parts  of  the  car,  some 
from  near  the  bottom  and  some  from  near  the  top,  the 
whole  number  being  about  equally  distributed  throughout 
the  load.  The  pigs  to  be  sampled  should  be  broken  in  two 
and  drillings  taken  from  the  center  of  the  pig,  care  being 
taken  to  see  that  no  sand  from  the  outside  of  the  pig  be- 
comes mixed  with  the  drillings.  The  more  important  the 
work  in  hand  is,  the  greater  should  be  the  care  taken  in 
procuring  samples.  The  drillings  from  the  various  pigs  in  any 
one  lot  should  be  thoroughly  mixed  and  sealed  up  in  an 
envelope  to  be  taken  to  the  chemist,  and  the  envelope 
should  be  carefully  marked  with  the  number  of  the  car  and 
such  information  as  will  serve  to  designate  the  particular  lot 
of  iron  in  question.  It  will  require  about  a  half  teaspoonful 
of  the  drillings  for  every  determination  of  each  element;  if 
it  is  desired  to  make  determinations  for  silicon  and  sulphur, 
one  teaspoonful  might  be  sufficient,  but  in  most  cases  it 
is  best  to  send  from  three  to  four  times  as  much  drillings 
as  required  so  that  the  chemist  can  repeat  his  work,  if 
necessary. 


Standards  for  Analysis. — Sometimes  two  chem- 
ists cannot  obtain  like  results  on  the  same  sample  of  iron. 
This  may  be  due  to  differences  in  the  method  for  making 
the  analysis,  or  to  some  impurity  in  the  chemicals  used.  In 
cases  of  such  disputes  a  check  can  usually  be  made  by  using 
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standardized    drillings,    such    as    those    furnished   by  the 
American  Foundrymen's  Association. 

36*     Carbon.  —  The  physical   properties   of  cast  iron 
depend  largely  on  the  state  of  the  carbon  which  mayte 
chemically  combined  or  in  a  free  or  graphitic  form.    The 
iron   is  soft  or  hard  according  as  the  carbon   is  free  or 
combined  with  the  iron.     When  iron  is  liquid  and  hot,  the 
carbon  is  probably  all  chemically  combined,  but  as  it  cools 
and   solidifies,    some   of  the   chemically   combined  carbon 
changes  to  the  form  of  free  or  graphitic  carbon.     This  free 
carbon  can  sometimes  be  seen  on  top  of  the  cooling  liquid 
metal.     The  free  carbon  also  occurs  between  the  grains  of 
crystals  of  solidified  iron  in  the  form  of  fiakes  of  graphite, 
which  in  some   cases   can  be   removed  from  between  the 
grains  by  rubbing  the   fractures  with  a  stiff  brush.    The 
more  flakes  of  graphitic  carbon  there  are  in  iron,  the  softer 
it  is. 

There  are  several  factors  that  affect  carbon,  which,  held 
in  a  combined  state,  harden  the  iron;  or  in  the  graphitic 
state,  soften  it.  The  chief  of  these  is  the  thickness 
of  the  casting  and  its  rate  of  cooling.  If  one  casting  be 
made  1  inch  thick  and  another  4  inches  thick,  both  of  the 
same  width  and  each  to  be  poured  from  the  same  ladle  and 
at  the  same  time,  they  will  serve  to  illustrate  this  point 
After  pouring  these  castings,  they  should  be  left  in  their 
molds  to  cool  naturally,  until  both  are  sufficiently  cold  to 
be  handled  by  hand,  when  they  can  be  removed  from  the 
sand  and  broken,  in  order  that  the  texture  of  their  grain  may 
be  seen.  It  will  be  found  that  the  thin  casting  has  a  close, 
dense  grain,  while  the  thick  one  has  a  porous,  open  grain, 
due  wholly  to  the  rate  of  cooling. 

36.  A  similar  difference  in  structure  can  be  produced  by 
changes  in  silicon  and  sulphur,  as,  for  instance,  if  one  wishes 
to  have  the  4-inch  casting  as  dense  as  the  1-inch,  it  can  be 
done  by  using  a  mixture  of  iron  having  less  silicon  and  more 
sulphur  in  the  thick  casting,  allowing  both  castings  the  same 
length  of  time  to  cool.     If  liquid  iron  be  poured  into  water, 
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or  on  a  chill,  the  carbon  will  be  less  likely  to  take  the 
graphitic  form  and  the  iron  may  have  a  hard,  white,  chilled 
body,  whereas,  were  the  same  iron  poured  into  a  medium 
thickness  casting  and  allowed  to  cool  slowly,  the  iron  would 
be  gray  and  soft.  The  greater  the  percentages  of  total 
carbon,  the  more  radical  can  the  rate  of  cooling  and  the  in- 
fluence of  the  other  elements  affect  the  carbon  in  taking  a 
combined  or  graphitic  form.  These  changes  in  the  condi- 
tion of  the  carbon  depend  on  the  rate  of  cooling  and  on  the 
percentages  of  the  other  elements  present. 

37.  Silicon. — On  account  of  the  fact  that  cast  iron 
generally  contains  a  larger  percentage  of.  silicon  than  any 
of  the  other  elements  occurring  as  impurities,  it  is  the  safest 
and  most  convenient  element  to  adopt  as  a  base  in  regula- 
ting general  mixtures.  If  sulphur,  which  can  neutralize 
the  effect  of  10  to  15  parts  of  silicon,  were  used  as  a  base, 
the  least  error  in  its  percentages  would  cause  much  more 
injury  to  the  iron  than  if  slight  errors  were  made  in  silicon. 
The  effect  of  an  increase  in  the  percentage  of  silicon,  the 
other  elements  and  rate  of  cooling  remaining  constant,  is  to 
soften  iron  and  retard  shrinkage,  contraction,  and  chill,  up 
to  a  limit  of  4  per  cent.  If  over  4  per  cent,  of  silicon  occurs 
in  castings,  it  will  generally  harden  the  iron  to  a  slight 
degree,  which  is  probably  often  due  to  the  decrease  in  total 
carbon  caused  by  an  increase  in  the  silicon.  Not  only  will 
silicon  soften  iron  by  increasing  graphitic  carbon,  but  it  in- 
creases the  length  of  time  iron  will  remain  in  a  molten  state. 
As  a  rule,  if  more  than  3  per  cent,  of  silicon  is  contained  in 
castings  over  f  inch  thick,  with  sulphur  not  above  .06  per 
cent.,  it  will  cause  castings  to  be  soft  and  rotten  or  brittle. 
Silicon  can  be  used  to  overcome  many  difficulties  and  con- 
trol mixtures  containing  scrap  iron,  but  it  must  be  used  with 
care.  It  can  be  absorbed  by  iron  up  to  20  per  cent,  and 
decreases  the  fusibility  of  the  iron. 

38.  Sulphur. — An  increase  in  sulphur,  with  the  other 
elements  and  rate  of  cooling  remaining  constant,  will  harden 
iron  by  increasing  the  combined  carbon  and  will  also  cause 
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greater  shrinkage,  contraction,  and  chill.     Sulphur  shortens 
the  time  that  iron  can  be  kept  fluid  in  a  ladle;  when  it  com- 
mences to  show  loss  of  life  or  fluidity,  it  cools  off  rapidly^ 
making  the  iron  run  sluggishly  and  so  bungs  up  the  ladle.    It 
requires  less  changes  in  sulphur   to  alter   the  softness  or 
hardness  of   iron   than   any   other  element.     One  part  of 
sulpliur  can  neutralize  the  effect  of  10  to  15  parts  of  silicon, 
the  other  elements  and  conditions  remaining  constant.     Sul- 
phur can  be  absorbed  up  to   .3  per  cent,   in  iron  and  it 
increases  the  fusibility  of  the  iron,  but  as  shown  above,  it 
decreases  the  length  of  time  that  iron  will  remain  fluid. 
The  presence  of  .2  per  cent,  of  sulphur  in  any  ordinary 
foundry  mixture  is  sufficient  to  injure  almost  any  class  of 
castings,  excepting  sash  weight,  etc.     When  a  large  percent- 
age of  sulphur  is  present  in  iron,  it  is  very  difficult  to  produce 
sound  castings,  for  unless  the  iron  is  poured  very  hot  and 
quickly  into  a  mold  and  is  not  chilled  too  rapidly,  blowholes 
may  result.     The  amount  of  sulphur  in  pig  iron  ranges  from 
.01  per  cent,  to  .08  per  cent.,  and  sometimes  higher,  but  what 
is  called  a  No.   1  iron,  by  analysis,  generally  contains  sul- 
phur from  .01  per  cent,  to  .03  per  cent,  of  sulphur.     No.  2 
iron  may  have  its  sulphur  run  up  to  .00  per  cent.,  but  when 
it  exceeds  .08  per  cent,  it  is  generally  classed  as  No.  4  to  6, 
which  are  often  mottled  or  white  irons.     Charcoal  irons  can 
be  made  more  free  from  sulphur  than  any  other  class. 

39.  Manganene. — This  is  a  metal  obtained  from  the 
ores.  Foundry,  Bessemer,  and  charcoal  iron  contain  from 
.2  per  cent,  to  3  per  cent.,  and  in  ferromanganese  from  20to 
82  per  cent.  The  general  run  of  ordinary  foundry  pig  irons 
contains  from  1  per  cent,  to  3  per  cent,  of  manganese.  In- 
creasing manganese  over  J  per  cent.,  with  the  other  elements 
remaining  constant,  creates  greater  contraction  and  chill  on 
account  of  the  fact  lliat  it  hardens  the  iron.  These  effects 
of  manganese  may  be  very  pronounced  in  light  castings.  A 
peculiarity  of  mano^ancse  is  found  in  the  fact  that  it  may 
allow  pig  iron  or  castings  to  be  open-grained  and  have  the 
api)earance  of  softness  even  when  they  are  quite  hard.    If 
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powdered  ferromanganese  be  added  to  molten  iron  in  the 
proportions  of  about  1  pound  of  ferromanganese  to  GOO  pounds 
of  iron,  and  is  thoroughly  diffused  through  the  metal  by  stir- 
ring it  with  a  rod,  it  will  soften  hard  iron.  In  some  grades 
of  iron  such  treatment  increases  the  transverse  strength  of 
the  iron,  but  when  castings  that  have  been  subjected  to  this 
treatment  are  remelted,  the  manganese  disappears  in  the  slag, 
leaving  the  iron  hard.  Manganese  has  a  great  affinity  for 
sulphur  and  can  often  eliminate  it  almost  wholly  from  iron 
by  carrying  it  into  the  slag.  For  this  reason  soft  castings 
may  often  be  produced  from  iron  high  in  manganese  when  it 
is  charged  with  iron  high  in  sulphur,  on  account  of  the  fact 
that  the  sulphur  has  been  driven  out  of  the  iron  by  the 
manganese,  both  passing  into  the  slag.  Manganese  gives 
life  to  molten  iron,  and  when  ferromanganese  as  a  powder  or 
in  small  pieces  is  thrown  into  iron,  it  may  often  act  as  a 
physic  to  purify  it  and  drive  out  sulphur,  thus  reducing  the 
chances  of  blowholes  existing  in  castings.  Manganese  will 
combine  in  almost  any  proportion  with  iron.  When  pure, 
manganese  is  white  in  color.  It  has  a  specific  gravity 
of  8.01  as  against  7.80  for  iron  and  oxidizes  readily  when 
exposed  to  the  air. 

40.  Plioapliorua. — This  is  an  element  derived  chiefly 
from  the  ores  and  flux,  although  some  may  come  from  the 
fuel.  In  general,  phosphorus  can  weaken  iron  more  than 
any  other  of  the  elements  that  commonly  occur  in  cast  iron. 
When  over  .7  per  cent,  of  phosphorus  occurs  in  castings,  it 
has  a  tendency  to  make  them  cold  short,  or  brittle,  when 
cold.  It  surpasses  all  other  elements  in  increasing  the  fluid- 
ity of  molten  iron.  Necessity  for  extra  fluidity  or  life  in 
molten  iron  is  about  the  only  good  reason  that  can  be  given 
for  allowing  phosphorus  to  exceed  1  per  cent,  in  iron  castings 
requiring  any  strength.  Phosphorus  increases  the  fusibility 
of  iron,  and  hence  for  castings  required  to  stand  high  tem- 
peratures, it  is  best  to  keep  the  percentage  of  phosphorus 
as  low  as  practical.  It  greatly  counteracts  the  tendency  of 
sulphur  to  increase  combined  carbon,  shrinkage,  contraction, 
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and  chill.  Where  high  sulphur  is  giving  trouble  by  caus- 
ing hard  castings,  if  there  is  no  other  practical  remedy  at 
hand,  the  evil  may  often  be  overcome  by  increasing  the 
phosphorus  from  .25  per  cent,  to  A  per  cent.  Each  tenth 
of  1  per  cent,  increase  of  phosphorus  in  iron  will,  in  many 
cases,  give  about  the  same  results  physically  in  counteract- 
ing the  effect  of  sulphur  that  an  increase  of  ^  of  1  per  cent, 
of  silicon  will  give,  where  all  the  other  elements  remain 
constant.  By  using  phosphorus  instead  of  silicon  to  coun- 
teract the  effects  of  sulphur  and  soften  the  iron,  the  fluidity 
of  the  iron  is  so  much  increased  that  the  castings  will  be 
freer  from  blowholes  and  shrink  holes  than  if  the  silicon 
had  been  used.  In  a  general  way,  where  castings  are  not 
subjected  to  high  temperatures,  .2  per  cent,  to  .7  percent, 
of  phosphorus  in  iron  assists  in  the  production  of  good 
castings  by  making  the  iron  flow  better. 

41.  Alumlnuni.  —  Aluminum  is  rarely  found  in  the 
iron,  and  if  desired  has  to  be  alloyed  with  it,  either  in  a  pure 
form  or  alloyed  with  other  metals.  It  is  added  to  iron  by 
placing  it  in  the  bottom  of  a  ladle  and  allowing  the  iron  to 
flow  over  it,  or  by  throwing  it  upon  the  surface  of  the  molten 
iron,  the  first  being  the  better  plan.  The  influences  of 
aluminum  are  similar  to  those  of  silicon.  Where  the  com- 
bined carbon  is  high,  aluminum  will  lower  it  so  as  to  make 
the  iron  softer.  Where  the  graphitic  carbon  is  highest, 
aluminum  will  close  the  grain,  give  the  iron  a  leaden  color, 
and  generally  decrease  the  strength,  except  in  cases  where 
the  graphitic  carbon  exceeds  the  limit  that  affords  iron  the 
greatest  strength.  As  a  rule,  aluminum  will  only  increase 
the  strength  of  very  hard  grades  of  iron,  or  those  containing 
1.4  to  1.8  per  cent,  combined  carbon.  The  amount  of  ahi- 
minum  used  in  iron  varies  from  .25  per  cent,  to  1.25  percent. 
In  mixing  it  with  molten  iron,  it  should  be  well  stirred  with 
an  iron  rod.  It  will  increase  the  fluidity  of  hard  grades  of 
iron,  but  <^cnerally  (auses  soft  grades  to  be  sluggish  with  an 
excessive  amount  of  dross  on  the  surface,  in  this  latter 
respect    being    similar   to  silicon.     When   pouring  castings 
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from  iron  containing  aluminum  by  means  of  two  ladles,  cold 
shuts  arc  liable  to  occur  at  the  places  where  the  flowing 
streams  meet.  On  the  whole,  aluminum  and  iron  make  a 
very  erratic  alloy  which  may  work  contrary  to  expectations. 
In  cast  iron  it  accomplishes  little,  if  anything,  that  cannot 
be  done  by  means  of  silicon,  which  is  much  cheaper. 

42.  Titanium. — Titanium  is  found  in  many  brands  of 
foundry  and  Bessemer  iron,  running  from  a  trace  up  to 
.1  per  cent.  At  one  time  titanium  was  found  in  many 
brands  of  iron,  but  owing  to  the  fact  that  ores  high  in 
titanium  are  diflicult  to  smelt  and  cause  much  trouble  in  the 
furnace,  they  are  avoided  as  far  as  possible.  Titanium  in- 
creases the  strength  of  iron  very  materially,  but  its  other 
qualities  are  not  known.  Ferrotitanium  is  now  being  made 
and  gives  promise  of  becoming  very  useful  in  some  mixtures. 


REMELTING  CAST  IRON. 


CHANGES  IN  COMPOSITION. 

43«  General  Consideration. — It  is  not  safe  to  rely 
entirely  on  the  character  of  the  iron  introduced  into  a 
cupola  to  produce  the  required  kind  of  castings  unless  all  the 
factors  that  enter  into  the  operation  of  remelting  are  con- 
sidered. The  percentage  of  some  elements  is  increased, 
while  that  of  others  is  decreased,  so  that  the  metal  entering 
the  castings  may  be  very  different  from  that  which  is 
charged  into  the  cupola. 

44.  Effect  of  Remelting:  on  Carbon. — Until  recently 
it  was  supposed  by  most  foundrymen  that  carbon  was  de- 
creased by  remelting,but  in  a  series  of  experiments  conducted 
by  Mr.  Thomas  D.  West  it  was  found  that  the  percentage  of 
carbon  could  be  increased  during  the  remelting;  as  for  in- 
stance, in  an  iron  containing  .82  per  cent,  of  silicon  and  .78 
per  cent,  of  manganese,  the  total  carbon  was  raised  from 
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3.94  per  cent,  to  4.75  per  cent,  by  renieltingfive  times,  an  in- 
crease of  nearly  1  per  cent. ;  and  in  remelting  steel  scrap  con- 
taining .31  per  cent,  of  silicon  and  .  34  per  cent,  of  manganese, 
the  total  carbon  was  raised  from  .6  per  cent,  to  3.5  per  cent, 
by  remelting  three  times.  From  these  experiments  it  is  evi- 
dent that,  at  least  in  the  case  of  low-silicon  irons,  the  per- 
centage of  carbon  may  be  increased  by  remelting.  This 
might  be  expected  in  a  furnace  that  was  run  hot  and  sup- 
plied with  plenty  of  fuel.  As  both  silicon  and  manganese 
are  frequently  reduced  by  remelting,  it  would  be  fair  to 
suppose  that  the  carbon  might  be  increased  at  least  up  to 
the  limit  of  4.75  per  cent.,  and  such  seems  to  be  the  case. 

45.  Decreane    in    Silicon    by    Remelting    Iroo.— 

More  or  less  of  this  element  is  lost  every  time  iron  is  re- 
melted.  The  silicon  in  the  iron  is  converted  into  an  oxide 
of  silicon  or  silica,  which  mixes  with  the  slag  and  passes  off 
with  it.  The  amount  that  silicon  is  reduced  depends  on  the 
heat  of  the  cupola  and  the  percentage  in  the  iron.  The 
greater  the  heat  and  amount  of  silicon  in  the  iron,  the  greater 
is  the  loss.  As  a  rule,  silicon  is  reduced  from  .1  percent,  to 
.3  per  cent,  every  time  the  iron  is  melted. 

46.  Increase    in   Sulphur   by  Remelting   Iron.— 

Owing  to  the  great  affinity  that  iron  possesses  for  sulphur,  the 
latter  is  increased  every  time  that  iron  is  remelted,  until 
the  iron  has  absorbed  all  the  sulphur  it  can,  which  amount 
varies  from  .1  per  cent,  to  .3  percent.,  according  to  the 
amount  of  sulphur  present  in  the  fuel  and  the  amount  of 
manganese  in  the  iron.  The  more  manganese  there  is,  the 
less  is  the  increase  in  sulphur.  This  is  owing  to  the  ability 
of  manganese  to  carry  sulphur  into  the  slag.  The 
higher  the  percentage  of  sulphur  there  is  in  the  fuel,  the 
greater  is  the  tendency  for  it  to  pass  into  the  iron,  but  with 
high-sulphur  fuel  and  higli-manganese  iron  one  may  practi- 
cally counterbalance  tlie  other.  Where  the  fuel  does  not 
contain  over  .8  per  cent,  of  sulphur  and  about  .5  percent. 
of  manganese,  the  sulphur  will  increase  with  ordinary  gray 
iron  about  .025  per  cent,  in  one  melting;   but  where  coke 
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contains  1  per  cent.,  or  over,  of  sulphur,  it  may  increase  the 
sulphur  in  the  iron  from  .04  p)er  cent,  to  .08  per  cent.  This 
would  mean  that  charging  an  iron  having  .02  per  cent,  of 
sulphur,  the  iron,  when  remelted,  or  the  casting  would  show 
.06  per  cent,  to  .08  per  cent,  in  sulphur.  This  demonstrates 
the  evils  of  high-sulphur  fuel  and  the  wisdom  of  analyzing 
the  fuel  as  well  as  the  iron.  An  increase  of  .04  per  cent. 
to  .08  per  cent,  in  sulphur  in  a  casting  can  make  intended 
soft  castings,  especially  for  light  work,  so  hard  that  they 
cannot  be  chipped  or  filed. 

47.  Decrease  in  Manganese  by  Remelting:  Iron. — 

The  decrease  in  manganese,  like  that  in  silicon,  depends  on 
the  heat  of  the  cupola  and  the  amount  contained  in  the 
iron.  It  is  carried  off  by  the  slag  as  oxide  of  manganese. 
When  cupolas  are  well  fluxed,  more  manganese  will  be  lost 
than  otherwise.  In  a  single  melting  it  can  be  decreased 
from  .1  per  cent,  to  .2  per  cent.,  thus  making  castings  con- 
taining only  .3  per  cent,  when  there  was  .4  per  cent,  to 
.5  per  cent,  in  the  iron  before  it  was  charged.  A  good 
feature  about  the  reduction  of  manganese  lies  in  its  tend- 
ency to  carry  sulphur  into  the  slag.  For  this  reason  where 
sulphur  is  high  in  the  fuel  or  in  the  iron,  it  often  pays  to 
have  plenty  of  manganese  in  the  iron. 

48.  Increase  in  Phosphorus. — When  phosphorus  is 
once  absorbed  by  iron,  it  cannot  easily  be  eliminated.  Its 
tendency  is  to  increase  in  percentage  every  time  iron  is  re- 
melted.  The  amount  of  this  increase  will  depend  on  the 
amount  of  phosphorus  in  the  fuel,  as  very  little  of  it  escapes 
absorption  by  the  iron. 

49.  General  Statement  of  the  Effect  of  Remelt- 

Ingr. — In  a  general  way  it  can  be  said  that  remelting  iron 
in  a  cupola  decreases  the  silicon,  manganese,  and  graphitic 
carbon,  and  increases  the  sulphur,  phosphorus,  and  com- 
bined carbon,  thus  causing  iron  to  become  harder  every 
time  it  is  remelted;  so  that  in  starting  with  soft  gray  iron, 
one  can,  with  a  few  heats  of  remelting,  produce  a  white  iron 
that  cannot  be  touched  with  a  chisel  or  file. 
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5(K  Loss  of  Iron  by  Oxidation  in  Melting. — There 
is  always  more  or  less  iron  lost  by  oxidation  when  the  iron 
is  passing  from  the  charging  door  to  the  spout.  The  larger 
the  amount  of  surface  exposed  to  the  action  of  the  blast  and 
the  stronger  its  pressure,  also  the  thicker  the  scale  of  rust  or 
dirt  on  the  iron,  the  greater  will  be  the  loss  from  this  cause. 

In  a  series  of  experiments  on  this  subject,  Mr.  Thomas  D. 
West  developed  the  following  facts:  Sandless  or  chilled  pig 
iron  was  the  least  affected,  as  it  showed  a  loss  of  only  from 

3  per  cent,  to  4  per  cent.     The  next  in  order  was  sand  pig 
iron,  fairly  cleaned  from  loose  sand,  which  showed  a  loss  of 

4  per  cent,  to  5  per  cent.  Scrap  iron  ranging  from  1^  inches 
to  3  inches  thick  in  plate  form  showed  a  loss  of  from  5  per 
cent,  to  7  per  cent.  The  next  in  order  was  scrap  plate 
ranging  from  ^  inch  to  1  inch  thick,  which  showed  a  loss  of 
from  G  per  cent,  to  8  per  cent.  With  fairly  clean  stove 
plate,  the  loss  ran  from  12  per  cent,  to  20  per  cent.  Burned 
iron  and  tin  sheet  plate,  called  tin  scrap,  showed  a  loss  all 
the  way  from  25  per  cent,  up  to  nothing  but  slag. 

51.  A  high  bed  and  a  strong  blast  will  cause  a  greater 
loss  than  a  low  bed  of  fuel  and  milder  blast.  This  is  if  all 
the  shot  iron,  etc.  is  carefully  collected  from  the  refuse 
coming  from  the  dump  and  pickings  out  of  the  cupola. 
There  will  be  more  shot  iron  coming  from  a  low  bed  of  fuel 
than  a  high  one,  for  the  reason  that  the  latter  will  melt  the 
cleanest  at  the  close  of  a  heat,  and  will  leave  less  refuse 
sticking  to  the  sides  of  the  cupola  that  is  to  be  carried  down 
by  the  dump.  If  a  low  bed  is  used,  the  iron  should  be  care- 
fully picked  to  avoid  unnecessary  loss. 


MKI.TING   POINT  OF  IRON. 

52.  General  Consideration. — It  is  often  necessary 
to  melt  several  different  mixtures  in  one  heat,  and  in  doing 
this  it  is  necessary  to  know  which  class  of  iron  will  melt 
first.  If  two  radically  different  grades  of  iron  are 
charged  together  and  one  melts  sooner  than  the  other  and 
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is  drawn  off  first  and  poured,  the  results  will  not  be  what 
was  expected.  When  it  is  desired  to  charge  a  hard  grade  of 
iron  to  be  followed  by  a  soft  one,  or  vice  vcrsa^  it  is  very 
important  to  know  the  different  melting  points  of  the  vari- 
ous brands  so  as  to  keep  them  separate.  In  most  cases  it  is 
not  necessary  to  know  at  what  temperature  the  different 
brands  of  iron  melt,  but  simply  to  know  which  melt  first. 

63.  Comparing  Meltlns  Points. — In  order  to  deter- 
mine or  to  compare  the  melting  points  of  various  brands  of 
iron,  Mr.  Thomas  D.  West  and  Dr.  R.  Moldenke  each  carried 
on  a  series  of  experiments.  Dr.  Moldenke's  tests  were  made 
in  an  assaying  furnace,  converted  for  the  time  into  a  cupola, 
while  Mr.  West's  tests  were  made  in  the  twin-shaft  cupola 
illustrated  in  Fig.  1.  The  results  of  both  men,  although 
made  under  different  conditions  and  many  miles  apart, 
agreed  in  showing  that   it  requires  a  higher  temperature 
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to  melt  soft,  gray  iron  than  hard,  chilled,  or  white  iron, 
and  that  the  latter  would  melt  faster  than  the  former; 
also,  that  scrap  steel  requires  a  higher  temperature  than 
do  soft  grades  of  cast  iron.  Dr.  Moldenke's  assaying 
furnace  was  arranged  so  that  he  could  use  a  Le  Chatelier 
pyrometer  to  record  the  temperature.  Table  III  shows 
tlie  results  of  tests  on  six  samples  furnished  Dr.  Moldenke 
by  Mr.  West. 

The  samples  furnished  by  Mr.  West  were  obtained  from 
the  same  ladle  by  pouring  some  of  the  metal  into  the  chilis 
illustrated  in  Fig.  2  (a), 
thus  forming  chilled  cast- 
ings about  2^  inches  in 
diameter  by  6  inches  long, 
as  shown  in  Fig.  2  {6),  and 
some  of  the  metal  tntosand 
molds,  formed  with  a  pat- 
tern of  the  same  sice  as  the 
*■"'  "^  chilled  casting.     In  melting 

these  samples  the  chilled 
iron  was  placed  on  one  side,  as  at  c.  Fig.  1,  and  the  gray 
iron,  or  that  iinchilled,  on  the  other  side,  as  at  /,  of  the 
cupola.  As  the  conditions  on  the  two  sides  of  this  cupola 
are  practically  alike,  it  is  evident  that  the  sample  of  iron  that 
melts  first  must  have  the  lower  melting  point  and  so  will 
come  down  first  in  a  regular  cupola. 

54.  During  the  melting  of  Dr.  Moldenke's  specimens, 
of  which  he  had  73  ail  told,  he  observed  the  following  actions 
while  the  metal  was  fusing.  The  white  irons  held  their 
shape,  the  iron  running  from  the  sides  and  bottom  freely, 
leaving  smooth  surfaces.  The  gray  irons  became  soft  and 
dropped  in  lumps,  leaving  a  ragged  surface.  Ferromanga- 
nese  became  soft  and  mushy,  exhibiting  a  consistency  of 
putty  before  finally  running  down.  Ferrotungsten  behaved 
in  ihe  most  marked  way.  As  it  melted,  it  acted  like  white 
iron,  but  instead  of  chilling  quickly,  it  ran  through  the 
coke,  coming  down  the  spout  in  thin  streams  like  white-hol 
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quicksilver  and  collected  in  a  pool  in  the  pan  of  sand.  The 
conclusion  drawn  by  both  experimenters  was  that  the  higher 
the  combined  carbon  is,  independent  of  the  amount  of 
graphite  present,  the  lower  is  the  melting  point,  or  less  heat 
is  required  to  melt  the  iron. 


MIXING  IRON. 

66.  Scrap  Iron. — One  great  difference  between  scrap 
iron  and  pig  iron  lies  in  the  fact  that  the  former  permits 
experienced  persons  to  define  its  grade  by  the  appearance  of 
its  fracture  much  better  than  is  possible  with  pig  iron. 
The  two  principal  reasons  for  this  are:  that  the  castings 
from  which  the  scrap  iron  came  were  allowed  to  cool  under 
conditions  that  did  not  permit  the  great  variations  in  the 
grain  of  the  metal  that  occurs  in  pig  iron;  then,  also,  the 
form  of  the  casting  in  which  the  iron  is  found  is  some  guide 
as  to  its  grade. 

With  a  little  experience  in  grading  scrap  iron,  one  should 
be  able  to  decide  quite  accurately  how  hard  or  soft  the 
scrap  iron  being  inspected  will  become  when  remelted.  As 
a  rule  it  is  impracticable  to  analyze  scrap  iron,  on  account  of 
the  fact  that  as  it  comes  to  a  founder's  yard  there  is  no  order 
or  system  about  it.  A  pile  of  scrap  iron  is  more  liable  to 
come  from  a  dozen  different  kinds  of  castings  made  in 
different  parts  of  the  country  than  from  one  heat  or  mix- 
ture,  and  so  it  is  all  but  impossible  to  get  a  fair  sample  for 
analysis.  Almost  any  intelligent  laborer  should,  with  a  little 
training,  be  able  to  select  and  pile  up  scrap  according  to  its 
grade  in  a  more  economical  and  practical  manner  than  can 
be  done  by  attempting  to  analyze  it. 

56.  A  good  plan  in  classifying  scrap  iron  is  to  adopt  a 
system  of  grades  to  be  defined  by  numbers,  as  in  gradini^ 
pig  iron.  In  order  to  obtain  a  standard  of  grades  to  com- 
pare scrap  iron,  we  may  adopt  the  texture  and  grain  that  will 
be  obtained  by  the  remelting  of  pig  iron,  containing  before 
being  charged  1,  2,  and  3  per  cent,  of  silicon,  respectively, 
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with  sulphur  supposed  to  be  constant  at  .03  per  cent.,  and 
the  phosphorus  and   manganese  as  generally  found  in  the 
character  of  pig  iron  being  used.     With  such  a  system,  one 
should  soon  learn  to  recognize  the  fracture  of  castings  from 
such  mixtures  of  pig  iron  when  poured  into  castings  ranging 
from  the  thickness  of  stove  plate  upwards  to  bodies  4  inches 
or  6  inches  thick,  and  also  to  pick  out  the  corresponding 
grades  in  the  scrap  iron.     As  an  approximate   guide  as  to 
the  sulphur  and  silicon  contents  of  gray  scrap,  it  can  be 
said  that  iron  ranging  from  stove  plate  up  to  1  inch  in  thick- 
ness may  be  considered   as  an  approximate  equivalent  of 
remelted  pig  iron  in  which  the  silicon  ranged  from  2  per  cent, 
down  to  1.5  per  cent.,  and  for  bodies  from  1  inch  to  3  inches 
thick,  from  1.75  per  cent,  down  to  1  per  cent,  silicon,  sul- 
phur  in  all  cases   to  be  considered  as  constant   at  about 
.06  per  cent.     Above  3  inches  in  thickness,  an  open  gray 
fracture  can  range  in  silicon,  with  scrap  iron,  all  the  way 
from  2  per  cent,  down  to  .75  per  cent.     The  grading  of  such 
heavy  bodies  generally  requires  a  more  skilled  eye  than  is 
necessary  with  light  and  medium  thicknesses  of  scrap  iron, 
but  practice  should  soon  enable  one  to  guess  fairly  close  in 
judging  the  grade  of  heavy  or  thick  bodies  as  well  as  light 
ones.    In  cases  where  scrap  iron  comes  to  the  founder's  yard 
in  the  form  of  complete  castings,  which  he  has  to  break,  he 
can,  by  sizing  up  the  general  proportion  of  the  whole  cast- 
in<y,  judge  much  closer  the  grade  in  the  massive  parts  than 
if  the  scrap  iron  came  to  his  yard  in  a  miscellaneous  broken 
form  mixed  with  other  irons. 

57.  One  of  the  most  difficult  classes  of  scrap  to  pass  judg- 
ment on  as  to  its  grade  is  white  iron.  In  castings  ranging 
from  the  thickness  of  stove  plate  up  to  2  inches,  the  silicon 
may  range  ajl  the  way  from  1.5  per  cent,  down  to  .5  p<?r 
cent.  In  castings  over  3  inches  thick,  it  is  generally  safe 
to  conclude,  if  the  section  is  all  white,  that  the  silicon  can 
range  from  .4  per  cent,  down  to  .1  per  cent.,  with  sulphur 
in  any  of  these  thicknesses  ranging  all  the  way  from  .05 per 
cent,  to  .2  per  cent.     As  a  rule,  it  can  be  taken  for  granted 
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that  the  sulphur  is  very  high  and  the  silicon  very  low  in  all 
scrap  iron  having  an  entirely  white  fracture. 

It  is  almost  impossible  to  pass  judgment  on  the  analyses 
of  burned  iron,  especially  if  badly  burned.  As  a  rule,  such 
iron  is  unsuited  for  any  work  other  than  that  of  making 
castings  similar  to  sash  weights. 

58.  All  founders  have  more  or  less  fine  scrap  and  shot 
iron  collected  from  the  shop's  refuse  and  cupola  dumps  that 
should  be  melted  to  save  the  iron.  In  using  such  refuse, 
it  can  be  charged  a  few  shovelfuls  at  every  charge,  by  being 
evenly  distributed  over  the  top  of  the  regular  iron.  Manu- 
facturers of  very  light  small-work  castings  find  the  most 
difficulty  in  utilizing  their  shop's  refuse.  In  some  cases, 
they  will  hold  back  the  fine  shot,  etc.  till  the  last  of  the 
heat  and  try  to  have  a  few  heavy  castings  into  which  they 
can  pour  part  of  their  last  iron,  the  balance  of  the  heat's 
closing  molten  metal  being  poured  into  pig  beds,  to  be  util- 
ized in  future  heats. 

In  the  use  of  any  scrap,  care  should  be  exercised  to  have 
it  as  free  from  scale  or  dirt  as  possible.  Some  founders  go 
so  far  as  to  tumble  all  gates  and  sprews  before  charging 
them,  so  as  to  avoid  dirt  in  the  iron.  Just  as  much  care 
and  judgment  should  be  exercised  in  the  selection  of  scrap 
as  in  selecting  pig  iron,  if  good  results  and  success  are 
desired. 

S&.  Mixtures  for  Soft  CaHtiiiKs. — The  first  thinjr  to 
be  done  in  making  iron  mixtures  is  to  decide  on  the  physi- 
cal qualities  that  should  exist  in  the  castings.  If  only  a 
common  grade  of  castings  is  required,  a  mixture  can  l^e  made 
by  taking  one-third  of  No.  1  foundry  pig  iron  and  two  thirds 
of  scrap  iron.  The  No.  1  pig  should  run  from  '2.75  per  cent. 
to  3  per  cent,  in  silicon,  sulphur  from  .01  per  cent,  to  J)'.]  per 
cent.,  manganese  .3  per  cent,  to  .0  per  cent.,  and  phos- 
phorus .25  percent,  to  .5  per  cent.  The  scrap  to  jj^o  with  the 
mixture  should  range  in  silicon  1.5  |)er('ent.  to  *2.5  per  cent. 
and  sulphur  .05  per  cent,  to  .OS  per  cent.  vSueh  a  mixture 
should  be  soft  enough  to  machine  in  castings  over  1   inch 
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thick.  If  the  castings  are  to  be  thinner  than  1  inch,  the 
percentage  of  scrap  should  be  decreased.  For  castings 
about  ^  inch  thick,  a  mixture  of  about  three-fourths  pig  and 
one-fourth  scrap  would  be  required. 

For  light  small  castings  and  stove-plate  work,  a  pig  ran- 
ging from  3. 5  per  cent,  to  3. 75  per  cent,  in  silicon,  and  not  over 
.02  per  cent,  in  sulphur,  and  manganese  from  .3  per  cent, 
to  .5  per  cent.,  with  phosphorus  .7  per  cent,  to  1  per  cent, 
should  work  well.  The  carbon  in  the  above  foundry  irons 
should  not  be  less  than  3.25  per  cent.,  and  higher  if  practi- 
cable up  to  4  per  cent. 

Ferrosilicon  iron  containing  5  to  G  per  cent,  of  silicon  can 
often  be  mixed  with  80  per  cent,  scrap,  running  from  1.5  per 
cent,  to  2  per  cent,  in  silicon,  and  the  castings  finish  fairly 
well  when  above  1  inch  in  thickness.  When  using  ferrosilicon 
irons,  where  it  runs  4  percent,  or  above  in  silicon,  great  care 
must  be  exercised  to  get  just  the  amount  necessary,  for  if 
too  much  is  used,  it  may  render  the  castings  so  brittle  and 
weak  that  they  will  crack  on  the  least  jar. 

It  is  always  well  to  use  iron  from  two  or  more  furnaces  in 
all  mixtures,  on  account  of  the  fact  that  this  reduces  the 
effect  of  any  irregularities  existing  in  one  grade  of  iron 
which,  if  used  by  itself,  could  injure  the  mixture.  In  the 
manufacture  of  some  specialties,  as  stove  plate  and  light 
hardware,  it  is  necessary  to  use  all  pig  iron,  no  scrap  being 
permitted  in  the  mixture,  except  that  coming  from  gates, 
defective  castings,  etc. 

60.     MIxtureH  for  Hard  and  Cbllled   Ca»tin|i:s.— 

The  silicon  in  pig  iron  for  such  work  as  chilled  rolls,  car 
wheels,  and  other  classes  of  chilled  castings  generally  ranges 
from  .5  to  1.25  per  cent.,  with  the  sulphur,  manganese, 
and  phosphorus  varying  according  to  the  specialty  being 
manufactured.  The  character  of  chill  obtained  often  has 
more  to  do  with  the  durability  of  chilled  work  than  its 
dci)th.  A  chill  promoted  chiefly  by  manganese  will  l*** 
fouiul  better  able  to  yield  to  strains  and  not  so  liable  to 
crack  on    the   surface   of   castings  (which    is  done  at  the 
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moment  of  solidification),  or  from  **  heat  wear  *'  in  use  (as  in 
the  case  of  rolling-mill  rolls),  as  a  chill  that  is  chiefly  pro- 
moted by  sulphur,  although  manganese  is  best  and  often 
necessary  to  enable  the  wheels  to  stand  the  thermal  test. 
For  **  friction  wear "  as  in  the  case  of  the  tread  of  car 
wheels  or  brake  shoes,  a  chill  produced  by  sulphur  gives 
better  life  than  one  produced  by  manganese.  The  tem- 
perature and  fluidity  of  the  metal  with  which  a  casting 
is  poured,  as  well  as  the  thickness  of  the  casting,  all  have  an 
influence  on  the  depth  of  chilling.  A  casting  poured  with 
hot  iron  will  chill  deeper  than  one  poured  with  dull  iron, 
and  a  heavy  casting  will  chill  less  than  a  light  one  in  all 
cases  where  the  thickness  of  the  iron  mold  or  chill  used  is 
about  the  same. 

For  making  chilled  castings,  charcoal  iron  is  generally 
used,  although  the  use  of  coke  and  anthracite  iron  is  in- 
creasing, especially  since  it  has  become  the  practice  to  select 
iron  by  analysis.  In  making  mixtures  for  some  kinds  of 
chilled  work,  a  fair  percentage  of  scrap  iron  may  be  mixed 
with  pig  iron.  The  scrap  generally  used  in  mixtures  for 
chilled  work  consists  of  chilled  castings,  such  as  chilled  rolls, 
car  wheels,  brake  shoes,  and  plow  points.  In  judging  the 
grade  of  chilled  scrap,  the  gray  body  as  well  as  the  chilled 
portion  of  the  iron  should  be  considered,  as  whether  such 
castings  were  poured  with  hot  or  dull  iron  makes  a  difference 
in  the  depth  of  the  chill  which  might  deceive  one  in  judg- 
ing its  grade  if  no  note  were  taken  of  the  gray  body  as  well 
as  the  chilled  portions.  Some  examples  of  mixtures  for 
chilled  castings  will  be  given  later. 

Ol.  Retneltins:  Chilled  Iron.  —  Most  foundrymen 
have  been  in  the  habit  of  picking  out  the  chilled  portions  of 
castings  and  using  them  only  for  extremely  low-grade  work, 
such  as  casting  window  weights,  etc.,  but  in  a  series  of  ex- 
periments carried  on  by  Mr.  Thomas  L).  West  it  seems  to  have 
been  proved  conclusively  that  the  remeltini^^  of  chilled  iron 
softens  it.  When  the  chilled  parts  of  the  scrap  iron  were 
separated  from  the  gray  parts  and  both  melted  separately. 
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the  casting  from  the  chilled  scrap  was  softer  than  that  from 
the  gray  scrap.  When  chilled  iron  contains  the  requisite 
amount  of  total  carbon,  remelting  will  often  transform  a 
sufficient  amount  of  the  carbon  to  the  graphitic  form  to 
produce  a  very  good  soft  gray  iron.  Owing  to  the  fact  that 
chilled  castings  are  generally  made  from  high-grade  irons^ 
it  is  evident  that  this  chilled  scrap  can  often  be  used  in  the 
very  best  foundry  mixtures,  especially  in  the  case  of  chilled 
castings  made  from  good  charcoal  iron  low  in  sulphur.  The 
general  character  of  the  chilled  iron  can  be  judged  more 
closely  from  the  gray  portion  than  from  the  white  portion, 
when  selecting  scrap  for  ordinary  foundry  mixtures. 

62.  Mixing  Steel  and  Wrought  Iron  l^lTith  Cast 
Iron. — In  making  the  strongest  grades  of  cast  iron,  some 
parties  mix  from  15  per  cent,  to  30  per  cent,  of  scrap  sted 
with  the  iron.  Wrought  iron  is  also  used,  but  as  a  rule, 
soft  grades  of  steel  give  the  best  results.  In  charging  the 
steel  or  wrought  iron  into  a  cupola,  it  is  generally  mixed  with 
the  cast  iron  the  same  as  the  other  scrap,  but  more  fuel  is  re- 
quired on  account  of  the  higher  melting  point  of  steel.  The 
strongest  steel-and-iron  mixtures  are  obtained  by  melting 
in  an  air  furnace.  The  metal  obtained  by  this  process  is 
called  semisteel  and  some  of  it  is  claimed  to  have  a  tensile 
strength  of  40,000  to  50,000  pounds  per  square  inch. 

63«  Proportioning:  Iron  Mixtures. — In  mixing  iron 
it  is  not  always  possible  to  obtain  just  the  composition  that 
is  desired  for  any  given  cast,  and  hence  it  becomes  neces- 
sary to  determine  what  the  percentage  of  the  constituent 
elements  will  be  in  the  resulting  product  when  two  or  more 
brands  are  mixed  together.  As  a  rule,  the  furnaceman  only 
guarantees  to  keep  the  phosphorus  and  manganese  within 
certain  limits  in  the  iron  that  he  furnishes,  silicon  and 
sulphur  being  allowed  to  vary  to  very  much  wider  limits. 

When  it  is  desired  to  mix  two  brands  of  iron  together 
to  obtain  a  third  brand  of  definite  composition,  the  follow- 
ing rule  may  be  used  for  determining  the  number  of  pounds 
of  each  brand  that  is  to  be  used. 


.-a 
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04«  Rule. — From  the  number  representing  the  greater 
percentage  take  the  number  representing  the  required  per- 
centage and  multiply  the  remainder  by  100,  which  gives  the 
number  of  pounds  of  the  brand  of  iron  containing  the  smaller 
percentage  that  is  to  be  used  in  the  mixture.  From  the 
required  percentage  take  the  smaller  percentage  and  multi- 
ply the  remainder  by  100;  this  will  give  the  number  of 
pounds  of  the  brand  of  iron  containing  the  greater  per- 
centage to  be  used  in  the  mixture. 

Example. — If  a  founder  has  two  brands  of  iron,  one  of  which  con- 
tains .75  per  cent,  of  silicon  and  the  other  1.75  per  cent,  of  silicon,  and 
he  desires  to  make  a  mixture  containing  1  per  cent,  of  silicon,  what 
proportion  of  each  brand  should  he  use  in  the  mixture  ? 

Solution. — Applying  the  rule  just  given,  we  get  (1.75—  1.00)  x 
100  =  75  pounds  of  iron  containing  the  smaller  percentage  of  silicon, 
and  (1.00  —  .75)  X  100  =  25  pounds  of  iron  containing  the  larger  per- 
centage of  silicon  as  the  amounts  to  be  used  in  the  mixture.  Since  the 
amounts  are  in  the  proportion  of  25  to  75,  or  1  to  3,  it  follows  that 
three  parts  of  the  iron  containing  the  smaller  percentage  of  silicon 
should  be  used  for  every  part  of  the  other  iron. 


EXAMPLES  OF  IROIW   MIXTUUGS. 

OS.     The  mixture  given  in  Table  IV,  used  at  the  Nilcs 
Tool  Works,  Hamilton,  Ohio,  was  melted  in  a  cupola  and  gave 

TABLE   IV. 


IRON  FOR  DISAPPEARING   GUN   MOUNTS. 


Brand  of  Iron.  Percentage  in  Mixture 


No.  3,  Muirkirk  charcoal  iron 

No.  4^,  Muirkirk  charcoal  iron 

No.  4,  high  Landon  charcoal  iron  . . 
No.  4,  low  Landon  charcoal  iron  . . . 
Gun-iron  scrap 


'        5  to  15 

3i  to  15 

25  to  30 

30 

20  to  25 

5".  Vol.  IV.'-S2. 


38  FOUNDRY  WORK.  §39 

a  tensile  strength  of  about  33,000  pounds,  and  an  elongation 
of  from  -f^  to  -j^  of  1  per  cent.  The  silicon  in  the  casting 
was  about  1  p>er  cent. ;  sulphur,  .05  per  cent. ;  manganese, 
.6  per  cent.;  phosphorus,  .3  per  cent.;  graphitic  carbon, 
1.4  per  cent. ;  combined  carbon,  1.1  per  cent. 

66.     Table  V  gives  average  analyses  of  wheels  made  both 
from  charcoal  and  coke  iron. 

TAlBLB   V. 


ANALYSES  OF  CAR  WHBBLS  THAT  STOOD  HARD  SEB- 
VICE  FOR   FROM   BIGHT  TO   BLBVBN    YBAKS. 


Element. 

Percentage. 

Graphite 

2.56  to  3.10 

Combined  carbon 

.63  to  1.01 

Silicon 

.58  to    .68 

Sulphur 

.05  to    .08 

Manganese 

.15  to    .27 

Phosphorus  

.25  to    .45 

67.  Comparative  Tentn  of  Various  Grades  o 
Cast  Iron. — The  following  tables  give  the  results  of 
series  of  tests  conducted  by  Mr.  Thomas  D.  West  to  deter 
mine  two  points.  First,  the  comparative  strength  of  dif- 
ferent grades  of  iron;  sccopid^  the  best  size  of  test  barU 
use.  The  classes  of  iron  tested  include  those  used  i 
making  chilled  rolls,  gun  carriages,  car  wheels,  heavy  ma  - 
chinery,  stove  plate,  and  Bessemer-iron  castings.  Thetes"* 
bars  used  were  round  and  of  three  sizes ;  the  first  being  1-3 
inches,  the  second  1|  inches,  and  the  third  1  }-f  inches  i«^ 
diameter,  giving  areas  approximately  equal  to  1  square  incb,. 
2  square  inches,  and  3  square  inches.  The  test  bars  were 
poured  at  the  same  time  and  under  the  same  conditions 
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For  hard  or  chilled  grades  of  iron,  tlie  larger  test  bars  de- 
veloped the  greatest  strength,  showing  that  in  determining 
the  size  of  test  bar  to  be  used,  the  grade  of  the  iron  should 
be  considered.  All  the  test  bars  showed  a  perfectly  solid 
structure  at  the  point  of  fracture.  The  bars  were  broken 
on  bearings  12  inches  apart  and  the  breaking  strength  per 
square  inch  was  determined  by  dividing  the  breaking  load 
by  the  actual  area  of  the  bar  as  determined  by  a  microm- 
eter. One  fact  brought  out  by  these  tests  is  that  while  the 
bar  having  1  square  inch  section  is  hardly  large  enough  to 
give  fair  tests  of  the  iron,  yet  it  may  serve  for  comparing 
very  soft  grades  of  iron.  The  test  bars  were  supplied  from 
foundries  producing  and  using  the  grades  of  iron  menttoned 
in  the  tables. 

The  committee  appointed  by  the  American  Foundrymen's 
Association  to  make  tests  of  different  grades  of  iron  have 
discovered,  after  making  a  large  number  of  tests  with 
dififerent  sizes  of  bars,  that  a  l^-inch  round  bar  is  the 
smallest  size  that  should  be  used  in  soft  irons,  and  for  hard 
grades,  they  recommend  a  2-inch  or  a  2^-inch  round  bar. 
They  also  recommend  that  all  test  bars  be  cast  on  end. 


TABLE  VI. 


CHII.I.BI>-ROI.L  IRON. 
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OUH.CARBIAGB  IROH. 
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TABLE   VIII. 


CAR-WHKRt,  IRON. 
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HBAVV  MACHINBUV  IRON. 
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— 



IS, 

■11  i 

& 

ll 

Ml 

\ 

i 

<  .i 

r 

3  I 

IF 

a  "" 

10 

n 

1.175 

2,160 

1.084 

1,983 

.m 

17 

li 

1.698 

5,600 

2.263 

3,430 

.100 

18 

iH 

1.991 

8,900 

3.113 

3,860 

.o» 

19 

1  in.  square 

.994 

1,757 

.988 

1,778 

.ISO 

TABLE  XII. 


Chill  roll 

Gun  metal 

Car  wheel 

General  machinery 

Stove  plate 

Bessemer  iron 


.01 

2.45 

.70 

2.47 

1.07 

2.36 

.58 

3.31 

.19 

4.00 

.49 

3.73 
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PHYSICAL  PROPERTIES  OF  CAST  IRON. 

68.  General  Consideration. — When  all  the  differ- 
ent brands  of  cast  iron  used  in  the  different  branches  of 
founding  are  considered,  a  problem  containing  more  intricate 
factors  than  are  generally  met  in  dealing  with  wrought 
iron  and  steel  will  be  presented.  The  different  grades  of 
cast  iron  in  use  have  radically  different  characteristics. 
These  great  differences  are  due  not  only  to  differences  in 
the  chemical  composition,  but  also  to  the  physical  condition 
of  the  metal.  These  physical  conditions  depend  largely  on 
the  size  and  character  of  the  grain  of  the  metal,  and  this  is 
affected  by  the  rate  of  cooling,  variations  in  the  chemical 
composition,  and  the  form  of  the  castings,  i.  e.,  whether 
thick  or  thin.  Cast  iron,  when  solidified  or  cold,  possesses 
several  physical  characteristics  that  may  be  designated  as 
follows  :  density^  tenacity^  elasticity^  deflection^  strength, 
brittleness,  chilly  and  contraction. 

09.  Density. — By  a  dense  iron  is  meant  one  having  a 
fine,  close  grain;  one  having  an  open,  coarse  grain  is  said  to 
be  less  dense.  The  fine  close-grained  irons  frequently  weigh 
from  50  to  60  pounds  more  per  cubic  foot  than  do  open  or 
coarse-grained  irons. 

70«  Tenacity.  —  The  tenacity  of  any  body  is  that 
quality  that  resists  any  force  tending  to  pull  it  apart,  as  by 
tension.  Most  grades  of  cast  iron  have  a  fair  degree  of 
tenacity,  but  give  no  warning  when  they  let  go  or  break. 

71.  Elasticity. — Elasticity  is  the  quality  that  allows 
metal,  when  under  a  load  or  strain,  to  stretch  or  bend  and 
then  to  return  to  its  original  position  when  the  load  is 
removed.  When  such  a  load  has  been  applied  that  the  iron 
will  not  return  to  its  former  position  when  the  load  is  re- 
moved, the  iron  is  said  to  have  taken  a  permanent  set.  The 
limit  of  elasticity  \s  the  point  at  which  metal  just  takes  a 
permanent  set.  In  cast  iron  the  limit  of  elasticity  is  very 
near  the  breaking  load.  Good  gray  cast  iron  will  stretch 
about  \  inch  in  every  58  feet  for  every  ton  of  tensile  pull  per 
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square  inch  of   cross-section   up  to  about  one-half  of  the 
breaking  load. 

72.  Deflection. — Deflection  is  the  term  used  to  desig- 
nate a  property  of  elasticity  or  resilience  and  defines  how 
far  a  piece  of  iron  will  bend  before  it  breaks.  Deflection  is 
a  test  that  is  generally  conducted  in  connection  with  the 
transverse  test ;  and  as  a  great  many  castings  are  required  to 
resist  deflection,  it  is  an  important  test.  The  amount  of 
deflection  that  cast  iron  is  capable  of  withstanding  also 
serves  to  give  some  intimation  as  to  its  ability  to  resist  jars  or 
shocks  or  to  resist  the  contraction  strains  when  complicated 
castings  are  cooling  or  when  they  are  in  use. 

73«  Strengtli. — A  strong  iron  is  one  that  is  capable  of 
resisting  considerable  transverse  or  crushing  strain  or  that 
can  stand  repeated  blows  without  breaking.  It  is  rare  that 
castings  are  called  on  to  resist  other  than  transverse  or 
crushing  strains  or  blows,  and  on  this  account  the  transverse 
test  and  deflection  test  are  the  ones  most  commonly  used  in 
determining  the  strength  of  iron.  In  some  cases  cast  iron 
is  required  to  withstand  a  given  number  of  blows  from  a 
given  weight  dropped  from  a  given  height.  This  test  is 
called  the  impact  test.  While  it  is  true  that  the  transverse 
and  deflection  tests  are  the  ones  most  commonly  used,  still 
some  {parties  specify  tensile  tests,  and  it  is  interesting  to 
note  that,  in  the  case  of  test  bars  having  an  area  of  about 
1  square  inch,  the  tension  and  the  transverse  tests  usually 
bear  about  the  same  relation  throughout  the  various  classes 
of  cast  iron. 

74«  BrittlencHs. — Cast  iron  is  said  to  be  brittle  when  it 
breaks  easily  and  has  little  power  to  resist  strains;  that  is, 
when  it  is  the  reverse  of  strong.  The  white  irons  and  irons 
high  in  silicon  or  phosphorus  are  usually  brittle.  Brittle 
iron  should  never  be  used  where  any  strain  has  to  be  put 
u[)on  the  metal  or  where  it  will  be  subject  to  jars. 

75.  Chill. — Chill  is  a  term  used  to  designate  iron  that 
has  been  made  to  assume  a  hard  white  structure,  either  by 
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rapid  cooling,  by  high  sulphur,  or  by  low  silicon  and  carbon 
in  the  combined  form.  Castings  having  very  great  strength 
may  be  chilled  on  the  surface,  as  for  instance,  car  wheels, 
crushing  rolls,  etc. ;  hence,  chill  may  not  be  an  evidence  of 
weakness.  The  strength  and  character  of  iron  depends 
largely  on  the  rate  of  cooling  and  thickness  of  the  casting. 
Metal  that  will  cool  with  a  very  coarse  grain  and  soft 
structure  in  a  heavy  casting  may,  when  poured  into  a  thin 
casting,  be  so  hard  that  it  cannot  be  machined. 

70«  Contraction. — Contraction  is  the  quality  of  cast 
iron  that  causes  it  to  become  smaller  as  it  cools  after  solidify- 
ing in  the  mold.  For  certain  classes  of  work  it  is  desirable 
to  have  the  iron  possess  as  little  contraction  as  possible. 
This  is  especially  true  if  the  castings  to  be  made  are  not 
well  proportioned.  Contraction,  like  many  other  of  the 
physical  properties  of  cast  iron,  depends  largely  on  the  form 
of  the  casting  and  its  rate  of  cooling  and  may  vary  greatly 
in  different  parts  of  the  same  casting,  according  as  the 
parts  are  thick  or  thin.  To  illustrate  this  point,  two  cast- 
ings, both  14  feet  long,  were  cast  from  one  gate  and  both 
poured  from  one  ladle  of  iron.  One  casting  was  ^  inch  by 
2  inches  in  cross-section  and  the  other  4  inches  by  9  inches, 
but  one  contracted  J  inch  more  than  the  other.  It  is  evi- 
dent from  this  that  if  these  two  castings  had  been  connected 
at  both  ends,  there  would  have  been  a  violent  strain  that 
would  have  tended  to  break  one  of  them  or  the  connections. 
It  is  to  overcome  such  strains  as  this  that  the  iron  should 
possess  some  strength  and  elasticity. 


TEST    BARS. 


77.  Importance  of  Phynlcal  Tests.  —  Chemical 
analysis  alone  is  not  a  sufficient  record  of  the  composition  of 
castings,  but  it  is  necessary  to  have  some  knowledge  of  the 
physical  qualities  of  the  metal  in  question. 
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When  selecting  new  brands  of  iron,  the  founder  is  anxious 
to  know  how  they  compare  as  to  strength  and  other  phys- 
ical qualities  with  those  previously  used.  This  information 
can  be  obtained  by  means  of  physical  tests.  Some  founders 
have  a  small  cupola  in  which  they  can  melt  a  small  amount 
of  any  brand  of  iron  and  can  experiment  to  obtain  a  mix- 
ture having  the  desired  chemical  composition  and  physical 
qualities. 

A  good  many  founders  dispense  with  physical  tests  alto- 
gether and  are  guided  by  the  analysis  and  the  castings 
obtained  from  the  iron.  In  the  manufacture  of  stove 
castings  this  will  do  very  well,  for  every  casting  answers 
the  purpose  of  a  test  bar,  on  account  of  the  fact  that  if  the 
iron  possesses  any  irregularities,  it  will  be  displayed  in  the 
casting  much  quicker  than  in  an  ordinary  test  bar. 

78«  Foundries  producing  heavy  work  are  the  ones  that 
generally  require  careful  physical  tests  and  should  experiment 
with  mixtures  before  making  large  castings.  A  great  many 
persons  seem  to  have  a  mistaken  idea  concerning  test  bars, 
thinking  that  they  should  give  the  actual  strength,  contrac- 
tion, or  chill  of  the  individual  casting.  This  information 
can  only  be  obtained  by  making  two  castings  from  the  same 
pattern  and  breaking  one  up  in  order  to  see  how  strong  the 
other  is.  The  test  bar  will  give  the  relative  physical  prop- 
erties of  the  iron,  but  from  his  general  knowledge  of  the 
properties  of  the  class  of  iron  in  question,  the  founder  can 
tell  very  quickly  from  a  test  bar  whether  the  metal  has  the 
desired  ciualities  or  not.  In  Tables  VI  to  XI  it  will  be 
noticed  that  while  the  three  sizes  of  test  bars  gave  very 
different  values  in  the  individual  specimens,  they  all  held 
about  a  constant  ratio  to  the  strength  of  the  iron,  so  that  a 
comparison  of  any  one  set  of  the  same  size  bars  throughout 
the  series  will  give  a  fair  idea  of  the  relative  strength  of  the 
different  brands  of  iron.  From  this  it  will  be  seen  that  the 
function  of  the  test  bar  is  to  give  relative  qualities  rather 
than  absolute.  Physical  tests  are  especially  necessary  in 
foundries  producing  a  line  of  special  castings  that  are  of  a 
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comparatively  heavy  nature,  as  for  instance,  car  wheels, 
chilled  rolls,  ingot  molds,  water  pipe,  etc. 

79.  Frequently  test  bars  are  referred  to  in  the  specifi- 
cations by  which  duplicate  castings  are  ordered.  If  the 
chemical  composition  and  physical  characteristics  of  a  test 
bar  poured  from  the  same  iron  from  which  the  original  cast- 
ing was  poured  are  known,  it  should  not  be  difficult  for  the 
founder  to  produce  another  casting  having  practically  the 
same  physical  characteristics  as  the  first. 

80.  Size  and  Form  of  Test  Bars. — The  size  and 
form  of  test  bars  used  by  different  parties  vary  greatly,  and 
on  this  account  it  is  nearly  impossible  to  compare  records 
obtained  from  different  sets  of  experiments.  Both  round 
and  square  test  bars  have  been  used,  the  length  varying 
from  14  to  50  inches  and  the  cross-section  from  less  than 
1  to  5  or  r»  square  inches.  Some  of  the  points  that  should 
be  observed  in  selecting  the  size  of  a  test  bar  are  the  follow- 
ing: The  test  bar  should  be  of  such  a  form  and  size  that  it 
will  be  as  little  affected  by  variations  in  the  dampness  of  the 
molding  sand  as  possible.  In  proportion  as  the  molding 
sand  contains  moisture,  the  outside  of  the  bar  will  receive  a 
greater  chilling  effect,  thus  causing  more  of  the  carbon  to 
take  the  combined  form  and  the  grain  of  the  bar  to  be 
closer.  The  test  bar  also  should  be  of  such  a  form  that  its 
structure  will  be  uniform  throughout  and  it  should  be  cast 
in  such  a  position  as  to  maintain  a  uniform  structure  and 
rate  of  cooling.  The  round  form  has  been  found  very 
much  better  than  the  square,  the  reason  for  which  will 
be  discussed  later;  it  has  also  been  found  best  to  cast  the 
bars  on  end. 

81«  One  point  that  should  be  kept  in  mind  is  that  the 
test  bar  furnishes  information  that  can  be  used  only  in  the 
comparison  of  different  mixtures  and  does  not  give  the 
ultimate  strength  of  the  iron  when  cast  into  some  other 
form.  From  a  great  many  experiments  it  has  been  found 
that  it  is  not  very  good  practice  to  use  a  bar  having  a  sec- 
tional area  of  less  than  1  square  inch,  on  account  of  the  fact 
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that  variations  in  the  dampness  in  the  sand  will  greatly 
affect  a  small  bar.  A  study  of  Tables  VI  to  XI  will  bring  out 
the  fact  that  the  small  diameter  bar  having  a  sectional  area 
of  about  1  square  inch  is  best  adapted  for  soft  or  medium 
grades  of  iron  and  that  the  larger  sizes  give  the  best 
results  in  the  hard  grades  of  iron.  Any  iron  that  takes  a 
cliill  easily  requires  a  large  test  bar,  so  that  the  surface  of 
the  bar  may  bear  a  smaller  relation  to  the  area  of  the  cross- 
section. 

82.     Uniform  Grain  or  Structure  In  Test  Bars.— 

Having  decided  on  the  dimensions  of  a  test  bar,  the  next 
question  is  how  to  obtain  a  uniform  structure  in  the  bar. 
If  the  square  bar  is  used,  as  shown  in  Fig.  3  (a),  it  has  been 
found  that  it  will  be  surrounded  by  an  outer  shell  of  more 
dense  metal,  as  indicated  by  the  shaded  portion  in  the  illus- 
tration, and  that  this  shell  will  be  thicker  at  the  corners  a 


than  in  the  center  of  the  flat  surfaces  d.  It  has  also  been 
found  by  careful  analysis  that  the  combined  carbon  is  usually 
higher  at  the  corners  than  at  the  center,  one  series  of  experi- 
ments showing  that  in  the  test  bars  analyzed  the  combined 
carbon  was  .13-1  per  cent,  higher  at  the  corners  a  than  in  thr 
center  of  the  flat  surface  3.  It  is  evident  from  these  facts 
that  a  uniform  structure  cannot  be  expected  from  a  square 
bar,  no  matter  in  what  position  it  is  cast. 

A  round  bar  will  also  be  surrounded  by  a  shell  of  melal 
having  a  greater  density  than  the  central  portion  of  the 
casting,  as  shown  in  Fig.  3  (/>),  but  this  outer  shell  will  be 
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uniform  all  around  the  bar,  at  least  in  the  case  of  bars  cast 
on  end,  and  for  this  reason  the  round  bar  is  to  be  preferred 
both  for  transverse  and  tension  tests. 

83«  Relation  Betiw^een  Structure  and  Position  of 
Bar  During:  Casting:. — It  has  been  found  that  when  test 
bars  are  cast  flat  the  strength  they  show  under  the  test- 
ing machine  is  affected  by  the  position  in  which  they  are 
placed  when  broken.  When  the  load  is  applied  on  the  sur- 
face that  was  uppermost  in  casting,  a  much  greater  strength 
is  recorded  than  when  the  load  is  applied  on  the  surface  that 
was  at  the  bottom  during  casting.  A  careful  investigation 
as  to  the  structure  of  bars  developed  the  facts  illustrated 
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in  Fig.  4;  i.  e.,  if  a  bar  is  cast  horizontally,  the  under  surface  // 
will  have  a  thicker  outer  shell  than  the  upper  surface  v,  and 
the  strength  shown  by  the  bar  will  depend  largely  on  whether 
this  thicker  surface  is  up  or  down  during  the  test.  On  this 
account  the  test  bars  should  be  cast  on  end ;  if  for  any 
reason  it  is  found  necessary  to  cast  them  horizontally,  great 
care  should  be  taken  to  see  that  they  are  all  tested  in  the 
same  relative  position;  that  is,  with  the  same  side  uppermost 
in  the  testing  machine. 

84.  Contraction  in  Iron. — A  knowledge  of  the  con- 
traction of  iron  will  assist  the  molder  greatly  in  proportion- 
ing the  parts  of  a  mold  and  determining  whether  or  not  a 
given  brand  of  iron  can  safely  be  poured  into  the  form  of  a 
given  casting.  In  designing  any  test  bars  for  determining 
the  contraction,  it  must  be  remembered  that  the  contraction 
is  affected  more  or  less  by  the  conditions  of  the  molding 
sand,   and   for   this   reason    thin   or   small  bars   should   be 


FOUNDRY  WORK. 


8» 


avoided.  A  difference  in  the  moisture  in  the  satid  of  two 
molds  may  make  a  difference  of  as  much  as  -^  inch  in 
12  inches  in  the  contraction  of  the  same  brand  of  iron  when 
using  small  bars. 

One  method  of  obtaining  a  record  of  the  contraction  is  bf 
means  of  a  yoke  piece,  as  shown  in  Fig.  0.  The  yoke  c  it 
placed  in  the  mold  and  a  pattern  placed  between  the  points* 


-, 


and  b.  The  yoke  is  left  in  the  mold  during  casting,  thetroa 
contracting  away  from  it.  In  the* illustration  the  caatingf 
is  shown  in  place  in  the  yoke  and  the  space  </  represents 
the  contraction,  which  may  be  measured. 

Another  method  of  testing  the  contraction  is  shown  in  con- 
nection with  the  chill  testing  mold  illustrated  in  Pig.  6.  This 
consists  of  an  iron  mold  a  having  a  depression  b  in  one  end 


and  a  lip  <■  at  one  side.  The  object  of  the  lip  is  to  prevent 
the  mold  from  being  filled  above  a  certain  point,  the  mold 
being  filled  until  the  iron  overflows  the  Itp,  thus  insuring 
the  same  thickness  of  test  bar  in  each  case.  The  depression^ 
serves  to  hold  the  end  e  of  the  test  bar  in  place  so  thai 
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the  contraction  will  draw  the  metal  away  from  the  end  / 
of  the  mold,  leaving  a  space  as  shown.  This  space  can 
subsequently  be  measured  by  means  of  a  wedge-shaped 
piece  g.  Lines  are  ruled  upon  this  wedged-shaped  piece 
and  numbers  stamped  opposite  them  indicating  the  thick- 
ness of  the  piece  at  the  different  lines.  As  shown  in  the 
illustration,  the  piece  indicates  a  thickness  of  a  little  over  8 
at  the  surface  of  the  mold.  The  piece  may  be  made  to 
measure  in  sixty-fourths  or  hundredths  of  an  inch,  or  any 
other  convenient  division. 

85.  Testing  the  Chill  of  Iroa. — Some  foundrymen 
depend  largely  on  the  information  furnished  by  a  chilling 
test  for  a  guide  in  making  up  mixtures.  If-the  chilling  test 
is  always  made  in  the  same  mold  or  against  the  same  chill 
and  with  iron  at  the  same  temperature  and  degree  of  fluidity 
it  is  evident  that  the  depth  of  chill 
will  be  affected  mostly  by  the  chem- 
ical composition  of  the  iron,  and  can 
thus  be  relied  on  to  give  a  pretty 
fair  idea  as  to  the  silicon,  sulphur, 
and  manganese  contents  of  the 
metal.  A  little  experimental  work 
is  usually  necessary  to  determine 
the  best  size  and  form  of  mold 
to  use,  some  metals  requiring  a 
larger  and  some  a  smaller  specimen  '"'' 

and  chill.    In  all  cases  the  specimen  ''"'■  ''■ 

should  be  of  such  thickness  that  the  entire  body  will  not  be 
chilled,  some  of  the  metal  being  left  gray  and  soft.  Chill 
tests  may  be  made  in  the  style  of  mold  shown  in  Fig.  C,  or 
the  specimen  may  be  cast  against  the  flat  ciiill  shown  in 
Fig.  7  (n).  In  this  case  a  pattern  similar  to  the  one  shown 
in  Fig.  7  (b)  is  used.  This  is  placed  against  the  flat  chill  a. 
Fig.  7  (rt),  thus  leaving  an  open  space  b  in  the  mold  into 
which  the  metal  can  be  poured. 

After  any  chilled  specimen  has  been  obtained,  it  should  be 
broken  and  the  character  of  the  fracture  noted.     The  while 
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part  denotes  the  chill,  which  can  be  measured,  or  if  small, 
judged  by  the  eye.  One  precaution  that  must  always  be 
followed  in  chill  tests  is  to  see  that  the  same  mold  or  pat- 
tern and  chill  are  always  used  in  tests  that  are  to  be  com- 
pared, on  account  of  the  fact  that  the  body  of  metal  in  the 
chili  will  affect  the  rate  of  cooling  and  the  physical  condi- 
tion of  the  test  piece. 


1 


86.  Test  for  Fluidity  of  Metal. — In  casting  test  bars, 
t  is  often  important  to  have  some  knowledge  as  to  the  rela- 
tive fluidity  of  the  metal  with 
which  the  specimen  was  cast. 
A  device  for  obtaining  this  is 
illustrated  in  Fig.  8  (rt).  This 
consists  of  a  pattern  having  a 
cylindrical  portion  <z  which  may 
be  placed  at  the  end  of  the  pat- 

ib       TjT      p  6  tern  for  a  cylindrical  test  bar. 

r^J  ri  '[]'<'      »    On  the  side  of  this  cylindrical 

11°  ^sj  L-^  V  portion  there  is  arranged  a 
wedge-shaped  projection  i 
which  tapers  from  |  inch  thick 
to  a  knife  edge.  Fig.  8  (*) 
illustrates  the  arrangement  for  casting  two  test  bars  side 
by  side,  ihebarsbeingsoarranged  that  simultaneous  tests  are 
obtained  as  to  fluidity  of  the  iron,  the  contraction,  and,  if  de- 
sired, the  chill.  The  pieces  for  testing  the  fluidity  are  shown 
at  i.  It  will  be  noticed  that  the  iron  was  not  sufficiently 
fluid  to  entirely  fill  the  tapered  strip.  Small  projectimisa,'' 
can  be  placed  upon  the  sides  of  the  test  bars  at  any  desired 
point  and  the  contraction  measured  across  them.  Both  bars 
were  cast  from  one  gale  r  and  the  gates  ciit  in  such  a  man- 
ner as  to  give  the  iron  a  spiral  or  whirling  motion  as  it  is 
entering  the  test  bars,  thus  tending  to  float  any  dirt  to  ihe 
top.  If  it  is  desired  to  test  the  chill,  a  circular  chill  similar 
to  that  shown  at  ^  may  be  placed  against  the  lower  end  of  the 
test  bars.  In  molding  test  bars,  the  tempering  of  the  sand 
and  ramming  of  the  mold  for  the  test  bars  should  lie  very 


near  the  cylindrical  portio 
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carefully  attended  to,  as  any  variations  are  liable  to  cause 
uneven  bars  or  irregularities  in  the  combined  carbon  in  the 
different  parts  of  the  bar.  Care  should  also  be  taken  in  the 
use  of  the  swab  in  molds  for  test  bars,  as  the  additional 
moisture  introduced  by  the  swab  may  affect  the  bar. 


87.  TestliiK  Machines. — For  breaking  test  bars  or 
making  deflection  tests,  a  great  variety  of  machines  are 
used.  Some  shops  are  pro- 
vided with  elaborate  50,- 
000-  or  100,000-pound  test- 
ing machines,  driven  by 
hand  or  by  power,  but  for 
ordinary  comparison  work 
on  test  bars  not  over 
ij  inches  square  or 
1^  inches  in  diameter,  a 
machine  of  the  style  shown 
in  Fig,  9  may  be  used.  In 
this,  the  bar  a  is  placed 
upon  supports  b  and  c  and 
is  broken  by  forcing  the 
block  d  down  by  means  of 
the  screw  e  and  hand 
wheel  y.  The  pressure  is  weighed  on  the  scale  beam  n  and 
the  deflection  recorded  by  means  of  the  pointer  (".  While 
conducting  the  work,  it  is  well  to  keep  one  hand  in  the  posi- 
tion shown  at  k,  so  that  any  rise  of  the  beam  will  be  noticed 
immediately  and  the  sliding  weight  /  correspondingly  ad- 
justed. If  this  precaution  is  not  taken,  the  beam  it  may  rise 
quite  quickly  and  errors  of  as  much  as  from  300  to  400 
pounds  be  made  in  the  breaking  load. 

88.  Measurlns   Test   Bars. — All  test  bars,  whether 
square  or  round,  should  be  carefully  measured  in  order  to 

5.  Vol.  lt^.~33- 


u 

determine  their  exact  section.  In  the  case  of  bars  that  are 
machined,  and  hence  parallel,  this  measuring  is  usually  done 
before  the  piece  is  introduced  into  the  machine,  but  as  cast 
iron  docs  not  reduce  greatly  in  cross-section  at  the  point  of 
fracture,  it  is  a  good  practice  to  measure  the  area  of  the  bar 
after  fracture,  using  a  micrometer.  It  is  not  safe  to  depend 
on  the  size  of  pattern  in  determining  the  size  of  the  bar,  as 
differences  in  rapjiing  the  pattern,  or  in  the  condition 
of  the  molds,  may  cause  a  considerable  variation  in  the 
size  of  the  castings  obtained  from  a  given  patteriL  In  tbe 
case  of  any  form  of  bar,  several  measurements  should  be 
taken  at  different  points  around  the  circumference  or  sides 
and  an  average  of  all  of  them  determined  as  tbe  average 
diameter  or  size  of  the  bar. 


COMPUTING  THE  STRENGTH  OF  IRON. 
69.  Geaeral  Consideration. — The  results  obtained 
from  any  set  of  tests  should  be  recorded  in  tabular  form,  as 
shown  in  Tables  VI  to  XI.  The  areas  of  the  bar  should  be 
determined  and  the  breaking  load  per  square  inch  computed 
from  the  area  and  the  actual  breaking  load.  In  all  cases  ihe 
distance  between  supports  and  all  other  factors  should  be 
kept  the  same  in  a  given  series  of  tests  or  the  results  cannot 
be  compared. 

90.  Rule. — To  find  the  breaking  strength  per  square 
inch,  divide  the  breaking  load  in  pounds  by  the  area  of  the 
bar  in  square  inches. 

Example  1.— In  the  case  of  test  No.  18,  Table.  XI,  the  diameter  is 
1.891  inches  and  the  breaking  ioadS.QOOpounds.  What  is  the  brMtiot: 
load  fier  square  inch  ? 

Solution. — In  order  to  find  the  area  of  the  specimen  apply  tlit 
ordinary  rule  for  finding  the  area  of  a  circle,  which  is  to  square  tbe 
diameter  and  multiply  it  by  .7854;  hence,  we  have 

1.691  X  1.991  X  .7854  =  8.113  sq.  in. 

Applying  the  above  rule  to  find  the  breaking  load,  we  have 
8,900  +  3. 113  =  3,800  lb. ,  as  the  strength  per  sq.  in.    Ans. 
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Example  2. — In  the  case  of  test  No.  19,  Table  XI,  we  have  a  square 
bar  that  measured  .994  inch  on  each  side  and  broke  under  a  load  of 
1,757  pounds.     Required,  the  breaking  load  in  pounds  per  square  inch. 

Solution. — The  area  of  a  square  is  found  by  multiplying  the  two 
sides  together,  and  hence  we  have 

.994  X  .994  =  .988  =  area  of  bar. 

Applying  the  above  rule,  we  have 

1,757  -♦-  .988  =  1,778.8  lb.,  as  the  strength  per  sq.  in.  of  the  bar.     Ans. 


FOUNDRY  WORK 

(PART  6.) 


BRASS  FOUNDING. 


MAKING  MOLDS  FOR  COPPER  ALLOYS. 


INTRODUCTION. 

1.  The  making  of  molds  for  brass  castings  is  so  similar 
in  principle  and  practice  to  the  making  of  molds  for  iron 
castings  that  the  molder  that  understands  making  molds  for 
iron  can  readily  learn  to  make  them  for  brass,  and,  in  some 
kinds  of  brass  work,  may  be  more  successful  than  the  regular 
brass  molder. 

2.  Small  brass  castings  are  made  on  benches  or  over 
troughs,  while  heavy  castings  are  made  on  the  floor,  as  is 
done  with  corresponding  sizes  of  iron  castings.  The  principal 
difference  between  molds  for  brass  and  for  iron  is  that  the 
brass-work  molds  are  made  from  finer  grades  of  sand.  The 
lighter  and  finer  the  castings  to  be  made  are,  the  finer  must 
be  the  grade  of  sand  used  in  the  mold.  If  the  sand  is  too 
coarse,  the  melted  brass  is  sufficiently  fluid  to  find  its  way 
into  the  openings  among  the  grains,  which  makes  the  surface 
of  the  casting  rough  and  pitted;  hence,  it  is  advisable  to 
use  the  finest  grade  of  sand  that  the  character  of  the  casting 
will  permit. 
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3*  Where  light  castings  are  made  only  occasionally  and 
are  not  a  regular  output  of  the  shop,  the  molds  for  them 
may  be  made  in  the  following  manner:  The  coarser  sand 
ordinarily  used  is  dried  thoroughly  and  then  sifted  through 
a  fine  sieve,  casting  out  the  portion  that  does  not  pass 
through  the  sieve.  The  portion  that  does  pass  through  is 
then  tempered,  and  is  used  to  face  the  mold  by  being  sifted 
over  the  pattern ;  the  remainder  of  the  mold  may  be  made 
from  the  sand  ordinarily  used. 

4.  The  contraction  that  occurs  in  a  brass  casting  during 
cooling  exceeds  that  of  an  iron  casting.  Where  the  contrac- 
tion in  iron  would  be  ^  inch  to  the  foot,  that  in  brass  would 
be  f^  inch;  since  the  contraction  is  fairly  uniform,  it  maybe 
provided  for  in  making  the  pattern. 


MAKING  THE  MOLD. 

5.  In  mixing  facings  for  brass  castings,  sea  coal  or  coke 
is  not  required,  as  is  the  case  with  iron  castings.  New 
molding  sand  that  has  been  carefully  screened  and  mixed  to 
an  even  temper  is  generally  used.  This  is  applied  to  the 
face  of  the  pattern  through  a  fine  sieve.  In  tempering,  the 
same  principles  hold  as  with  sand  used  for  iron  castings; 
the  sand  should  be  thoroughly  mixed.  The  drier  it  is  when 
placed  in  the  mold,  the  better;  since  an  excess  of  moisture 
will  cause  steam,  and  thus  cause  scabs  and  blowing,  in  the 
same  manner  as  occurs  with  iron  castings.  The  molds  are 
rammed  to  about  the  same  degree  of  firmness  in  both  cases. 

The  methods  of  venting  are,  in  general,  the  same  f«)r 
brass  work  as  for  iron,  though  the  cope  should  be  vented 
more  freely  in  the  former  case,  so  as  to  allow  an  easy  escape 
to  the  enclosed  air  and  gases  during  the  pouring,  thus 
allowing  the  metal  to  run  quickly  and  solidly  into  the 
corners.  Small  vent  holes  are  often  made  entirely  through 
the  cope  for  this  purpose. 

6.  The  joints  in  the  molds  are  made  by  match  boards, 
plates,  sand  odd  sides,  or   composition  matches,   as  in  the 
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molds  for  iron ;  but  great  care  must  be  used  in  the  selection 
of  a  parting  sand  to  find  a  material  that  will  not  coarsen 
the  regular  molding  sand  when  mixed  with  it;  since  the 
ordinary  parting  sand  will  give  trouble  in  this  respect. 

7.  For  a  parting  material  at  the  joints,  powdered  resin, 
or  a  mixture  of  powdered  resin  and  charcoal  dust,  is  often 
used.  A  material  lately  introduced  for  this  purpose,  and 
called  lycopode,  is  said  to  work  well,  and  besides  makes  a 
good  facing  for  preventing  the  adhesion  of  the  sand  to  the 
pattern.  Much  trouble  is  experienced  at  times  by  sand  ad- 
hering to  the  surfaces  of  metal  patterns,  especially  in  damp 
or  frosty  weather,  when  the  moisture  in  the  air  condenses  on 
the  metallic  surfaces.  The  molders  then  say  that  the  pat- 
terns are  siw^eatlns*  Some  molders  brush  kerosene  oil  over 
the  surfaces  in  order  to  prevent  this  adhesion,  but  this  plan 
is  not  entirely  satisfactory. 


FINISHING  MOLDS. 

8*  The  methods  used  for  finishing:  molds  for  brass 
castings  are  very  similar  to  those  used  for  iron ;  the  princi- 
pal difference  is  that  instead  of  using  ordinary  blackenings, 
and  sleeking  and  printing  the  molds,  flour,  whiting,  lime, 
water-lime  cement,  powdered  chalk,  lycopode,  and  plum- 
bago may  be  used.  Plumbago  is  used  for  heavy  brasses, 
especially  those  of  red  or  whitish  color,  but  is  objectionable 
for  yellow  brass.  Whichever  one  of  these  substances  is 
used,  it  should  be  ground  fine,  so  as  to  close  up  the  pores  of 
the  sand  as  much  as  possible,  in  order  to  prevent  the  metal 
cutting  into  the  sand  and  giving  a  rough  casting.  For 
heavy  work,  first  flour  may  be  shaken  out  of  a  bag  on  the 
mold  surface,  and  then  plumbago  thrown  by  hand  or  shaken 
out  of  a  bag  on  top  of  the  flour,  after  which  the  surface  is 
sleeked  with  finishing  tools  similar  to  those  used  in  finishing 
dry  blackening  on  iron  molds. 

9.  Where  the  molds  are  liable  to  stand  for  more  than 
ten  hours  before  being  poured,  flour  is  objectionable  for  the 
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reason  that  it  causes  a  vegetable  growth  on  the  face  of  the 
mbld  that  may  cause  rough  castings ;  it  also  causes  the  parts 
of  the  joint  to  stick  together. 


NBCB881TY  FOR  CLBABf  SAND. 

lO*  In  making  brass  castings,  it  is  important  to  have 
the  molding  sand  as  free  from  all  foreign  material  as  is  pos- 
sible, for  anything  that  will  coarsen  the  sand  will  tend  to 
give  a  rough  surface  to  the  casting.  Brass  founders  are 
very  particular  in  this  respect,  and  pieces  of  cores  that  may 
break  off  are  carefully  picked  out  of  the  molding  sand ;  some 
founders  even  avoid  the  use  of  the  regular  parting  sand, 
and  use  in  its  stead  powdered  resin,  or  a  mixture  of  resin 
and  charcoal,  or  lycopode  on  the  joints  of  the  molds. 


nRir-SAND  MOLnS  AND  LOAM  MOLDS. 

11.  If  the  form  of  the  casting  is  so  intricate  as  to  make 
it  inadvisable  to  take  the  risk  of  the  green  sand  supporting 
itself  in  the  more  delicate  parts,  or  if  the  mold  is  so  deep 
that  the  green  sand  will  strain  at  the  bottom,  it  maybe 
necessary  to  use  a  dry-sand  mold  or  a  loam  mold. 

12«  The  sand  mixtures  for  dry-sand  or  loam  work 
should  be  close-grained,  but  of  such  a  character  as  not  to 
bake  too  hard,  as  this  will  cause  the  metal  to  boil  when 
the  mold  is  poured,  and  besides,  the  metal  will  not  stay 
in  contact  with  the  sides  of  the  mold,  the  result  being  a 
bad  casting. 

1 3.  The  methods  and  mixtures  used  for  blackening  the 
surfaces  of  dry-sand  and  loam  molds  for  iron  can  be  used 
for  brass  molding.  In  some  cases  skin-drying  can  be  prac- 
ticed for  brass  as  well  as  for  iron. 

14.  Some  brass  molders  with  small  molds  adopt  the 
scheme  of  wetting  the  surface  with  gasoline  and  then  setting 
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the  gasoline  on  fire.  Others  cover  the  mold  with  a  red-hot 
plate  until  the  heat  gives  the  surface  a  hard,  dry  crust. 
Other  molders  dry  the  surface  by  holding  it  over  a  burning 
lamp,  which  also  serves  the  purpose  of  smoking  it.  The 
same  object  may  also  be  accomplished  \)y  holding  the  mold 
over  a  piece  of  burning  resin.  The  mold  may  be  dried  by 
placing  a  burning  gas  jet  inside,  and  then  covering  it  over 
with  a  plate.  With  some  sands  it  would  be  necessary  to 
spray  the  surface  with  beer  or  molasses  water  to  obtain 
the  necessary  hardness  on  the  surface  that  is  being  dried, 
for  the  same  reason  that  this  becomes  necessary  in  iron 
molding. 

15«  In  dry-sand  or  loam  molding,  provision  should  be 
made  for  contraction  while  the  casting  is  cooling.  In  many 
cases,  if  this  provision  is  not  made,  the  casting  will  break. 
This  is  especially  likely  to  occur  where  the  brass  contains 
a  large  percentage  of  copper.  If  the  core  in  a  mold  is 
made  in  such  a  way  that  the  casting,  as  it  contracts  in 
cooling,  cannot  crush  it,  or  if  the  core  rods  running  from 
one  side  of  the  core  to  the  other  are  too  near  the  surface 
and  will  not  give  way,  the  casting  is  likely  to  break  in 
cooling.  In  order  to  prevent  this,  the  cores  should  always 
be  made  in  such  a  manner  that  they  will  yield  when  the 
casting  contracts  in  cooling;  for  this  purpose  they  may 
be  filled  with  cinders,  or  they  may  be  made  of  some 
yielding  material.  This  advice  is  applicable  to  dry-sand 
molds  as  well  as  to  green-sand  molds.  The  same  sand 
mixtures  that  are  suitable  for  iron  may  be  used  in  brass 
molding. 


GATING  AND   FBBniNG   CASTINGS. 

16.  Owing  to  the  fact  that  brass,  if  it  drops  any  con- 
siderable distance,  will  cut  the  sand  in  a  mold,  and  thus  cause 
lumps  or  scabs  on  a  casting,  it  is  usually  better  to  ^ate  a 
mold  for  a  heavy  casting  as  near  the  bottom  as  possible.     If 
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Fig.  1. 


the  casting  is  deep,  it  may  have  top  pouring  gates  in  con- 
nection with  the  bottom  gate. 

1 7.  With  light  castings,  the  danger  of  cutting  the  mold 
and  of  scabbing  is  not  so  serious;  but  the  question  of  shaping 

the  gates  properly,  and 
of  so  placing  them  that 
the  casting  will  be  full 
and  sharp  at  the  corners, 
is  important.  In  order 
to  aid  the  metal  in  filling 
the  mold  properly,  the 
mold  is  often  placed  in 
an  inclined  position,  with 
the  pouring  gate  a  at  the  top^  as  shown  in  Fig.  1. 

18.  Where  the  castings  are  of  a  bulky  character,  pro- 
vision is  generally  made  to  prevent  shrinkage;  for  this  pur- 
pose feeders  are  brought  to  the 
heavier  parts.  In  constructing 
these  feeders,  it  is  better  to  con- 
nect them  with  the  upper  edge,  as 
shown  by  the  feeder  c  in  Fig.  2, 
than  to  place  them  directly  on  the 
top  face  of  the  casting,  as  shown 
by  the  feeder  b.  After  the  mold 
has  been  poured,  it  should  be  fed 
occasionally  from  the  crucible  as  long  as  the  metal  remains 
fluid.  This  is  determined  by  the  metal  in  the  feeding  heads 
rising  when  fresh  metal  is  [)oured  into  the  gates  or  feeding 
heads.  It  is  better,  as  a  rule,  to  pour  the  fresh  metal  into 
the  feeding  heads;  in  some  cases  it  works  well  to  churn  the 
metal  into  the  mold  by  means  of  a  feeding  rod,  as  is  done 
with  iron  castings. 

19.  Instead  of  a  metal  rod,  a  round  piece  of  thoroughly 
dried  wood  can  often  be  advantageously  used  as  soon  as  the 
metal  show^  signs  of  becoming  solid,  in  order  to  drive  the 
metal  into  parts  of  the  mold  that  might  otherwise  have 
shrink  holes. 


Fig.  2. 


§  40  FOUNDRY  WORK.  7 

The  necessity  of  having  the  feeders  and  their  connections 
large  enough  to  remain  fluid  as  long  as  the  casting  does 
exists  as  much  in  brass  casting  as  in  iron  casting. 


CLBANING  CASTINGS. 

20«  Usually  the  sand  is  removed  from  brass  castings  by 
means  of  wire  brushes  and  files.  The  gates  and  feeders 
are  removed  by  making  cuts  with  hack  saws  and  chisels 
to  a  depth  sufficient  to  allow  these  parts  to  be  broken 
off  with  a  hammer.  After  the  gates  and  feeders  have  been 
removed,  any  projections  that  they  leave  are  cut  off  with 
chisels  or  files,  or  by  grinding.  When  files  are  used,  they 
must  be  cleaned  occasionally  with  a  file  card. 

21  •  Tumbling  barrels  are  used  for  brass  castings  as 
well  as  for  iron  castings;  but  for  brass  castings  they  are 
made  with  wooden  staves,  to  avoid  breaking  the  corners  of 
the  castings.  When  being  charged,  the  tumbling  barrel 
should  be  nearly  filled,  so  that  the  castings  may  not  tumble 
about  too  much  and  thus  bruise  their  corners;  small  scra[)s 
and  floor  shot  should  be  packed  in  with  the  charge,  as  they 
assist  in  cleaning  the  castings. 

22*  Brass  castings  are  pickeled  in  nearly  the  same  man- 
ner as  iron  castings.  A  pickling  liquor  that  is  sometimes 
used  consists  of  2  parts,  by  measure,  of  nitric  arid  and 
3  parts  of  sulphuric  acid,  with  a  handful  of  table  salt  to 
each  quart,  and  no  water.  The  pickle  may  be  held  in  any 
suitable  receptacle,  such  as  a  glazed  earthenware  crock,  or 
a  vitrified  bathtub  might  do,  although  it  is  only  necessary 
to  provide  a  vessel  large  enough  to  hold  the  largest  casting 
to  be  handled.  The  castings  are  simply  dipped  and  removed 
at  once,  and  rinsed  in  clear  water.  This  is  merely  for 
cleaning  and  brightening  the  castings.  Various  dips  are 
used  to  produce  different  colors. 

23«     It  may  be  stated  that  there  arc  in  the  marked  several 
forms  of  sprue-  or  gate-cutting  machines,  as   well  as  power 
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band  saws  for  cutting  off  gates ;  also,  several  other  labor- 
saving  devices  for  cleaning  the  castings. 

24.  It  is  much  more  expensive  to  clean  brass  castings 
than  it  is  to  clean  iron  castings.  For  this  reason  the  work 
of  cleaning  brass  castings,  as  well  as  any  other  of  the  neces- 
sary operations  about  the  foundry,  should  be  systematized, 
since,  otherwise,  much  money  may  be  lost. 


APPLIANCES   FOR    MELTING  BRASS. 


INTRODUCTION. 

25.  The  furnaces  for  brass  melting  may  vary  from 
a  plain  pipe  stuck  into  the  ground  and  supplied  with  a 
bottom  grate  and  a  stack  to  the  most  elaborate  devices. 
Some  founders  use  air  furnaces,  while  others  use  cupola 
furnaces.  The  plain  cylinder  furnace  with  a  grate  and 
stack  that  can  be  worked  by  natural  draft,  or,  with  the 
stack  omitted,  by  forced  draft  is  also  used.  Some  patent 
furnaces  for  which  many  advantages  are  claimed  are  also 
in  use. 


CONSTRUCTION   OF  FURNACE. 

26.  Location. — The  furnace  for  brass  melting  is  usu- 
ally built  in  a  corner  of  the  shop,  if  it  has  only  a  single  fire- 
box; but  if  there  are  several  of  them  built  in  a  battery,  they 
are  placed  alongside  a  wall  Avhere  the  flues  can  be  connected 
Avith  an  outside  chimney  or  stack.  They  may  be  arranged 
to  have  the  ash-pit  inside  the  shop  or  outside  the  shop 
walls.  If  the  pit  is  on  the  inside,  it  is  usually  covered 
Avith  grated  plates  and  has  the  opening  on  a  level  with  the 
floor  surface;  or  it  may  be  built  above  the  floor  level  and 
have  a  grated  front  for  the  admission  of  air. 

27.  Simple  Furnace. — The  construction  of  a  simple 
furnace  for  melting  brass  is  shown  in  Fig.   3.     The  floor 
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level  is  shown  at  »  «.  The  ash-pit  d  may  be  from  12  to 
IS  inches  from  the  bottom  of  the  pit  to  the  plate  e.  Bearing 
bars  /  for  supporting  loose  grate  bars  are  placed  in  the 


ei^. 


position  shown.  The  foundation  plate  c  is  laid  on  the  top 
of  the  ash-pit,  and  has  a  hole  through  it  that  is  about 
9  inches  less  in  diameter  than  the  boiler  shell  g,  whii:h 
surrounds  a  4-inch  or  5-inch  firebrick  lining  h. 

28.  When  lining  the  furnace,  a  hole  is  made  aty  for  a 
Hue.  This  flue  has  a  diameter  equal  to  about  one-third  that 
of  the  furnace,  and  is  carried  to  a  chimney  or  Hue  that  has 
an  area  at  least  as  great  as  its  own,  and  which  is  high  enough 
to  give  a  good  draft.  The  height  of  tlie  chimney  will  depend 
to  a  great  extent  on  the  surroundings.  The  fluey  sln)uld 
be  lined  with  firebrick  or  fireclay  tu  protect  the  shell  /■; 
some  founders  use  a  cast-iron  pipe,  however,  and  renew  it 
whenever  it  is  burned  away.     A  furnace  requires  a  cover. 
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as  shown   at  /,   having  a  handle  m  by  which  it  may  be 
lifted  off. 

29.  The  top  of  the  furnace  is  generally  made  from  6  to 
12  inches  above  the  level  of  the  floor  line  n.  The  inside 
diameter  of  the  lining  is  generally  made  from  G  to  8  inches 
larger  than  the  greatest  diameter  of  the  largest  crudble 
that  will  be  used.  The  furnace  is  usually  made  of  such  a 
height  that  the  top  of  the  crucible  will  be  within  3  inches 
of  the  bottom  of  the  fluey  when  there  is  about  9  inches  of 
fuel  under  the  crucible. 

30*  Capacities  of  Crucibles.  —  The  accompanying 
table  gives  the  diameter  of  crucibles  and  the  pounds  of 
metal  they  will  hold,  as  well  as  the  numbers  by  which  they 
are  sold  by  dealers. 

31  •  Furnaces  In  Battery. — Where  more  than  one 
furnace  is  required,  and  where  a  battery  can  be  connected 
together,  all  the  flues  may  lead  to  one  main  flue  that  con- 
nects with  a  chimney  placed  midway  between  the  furnaces; 
for,  if  the  chimney  is  at  one  end  of  the  row,  the  furnace 
that  is  farthest  away  may  suffer  for  lack  of  draft.  The 
main  Hue  should  have  an  area  equal  to  the  combined  area 
of  the  flues  that  form  the  branches.  Where  natural  draft 
is  depended  on,  every  care  should  be  taken  to  have  it  as 
good  as  is  possible  under  the  existing  conditions;  for,  if  the 
draft  is  small,  poor  results  will  be  gotten  both  in  speed  of 
melting  and  in  the  quality  of  the  metal  produced. 

32.  Grate. — The  grate  bars,  shown  at  o  in  Fig.  3,  have 
a  great  influence  on  the  character  of  the  draft.  They  may 
be  plain,  straight,  cast-iron  or  Avrought-iron  bars;  or  the 
grate  may  be  one  circular  casting.  If  made  of  separately 
cast  bars,  it  is  well  to  have  lugs  cast  near  their  ends,  to 
keep  them  at  a  uniform  distance  from  one  another,  since 
this  allows  a  uniform  draft  to  pass  through  the  fire,  and 
gives  better  combustion  in  the  furnace. 
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KB  AND  CAP> 

XRL.K  I. 

812 

LCITY  OF  CRUCIBLES. 

Number 

Outside 

Greatest 

Capacity  in 

of 

Height. 

Outside  Diameter. 

Melted  Metal. 

Crucible. 

Inches. 

Inches. 

Pounds. 

1 

3i 

3 

3 

2 

4 

H 

6 

3 

4| 

3i 

9 

4 

H 

H 

12 

5 

6 

H      . 

15 

6 

H 

H 

18 

8 

n 

51 

24 

10 

H 

H 

30 

12 

8| 

6* 

36 

14 

9* 

n 

42 

16 

n 

n 

48 

18 

10 

8* 

54 

20 

m 

Bf 

60 

25 

Hi 

9 

75 

30 

Hi 

n 

90 

35 

m 

n 

1 05 

40 

m 

n 

120 

45 

13 

m 

135 

50 

13i 

1U| 

150 

60 

IH 

lU 

180 

70 

i4i 

iij 

210 

80 

iH 

12^ 

240 

100 

lOi 

13 

300 

coMBiNBn  CUPOLA  A:vr>  cklcibi.r  fuknack. 

33.  In  Fig.  4  is  shown  a  sectional  view  of  a  furnace 
that  will  admit  of  having  a  sand  bottom  put  in,  so  that  the 
metal  may  be  melted  indirect  contact  with  the  fuel;  or, 
by  replacing  the  sand  bottom  with  a  grate,  the  metal  may 
be  melted  in  crucibles. 
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34.     When  using  this  furnace  without  a  grate  for  melting 
copper,  it  is  necessary  to  have  the  blast  much  milder  than 

when  melting  iron,  and  to 
use  from  i  to  J  more  fuel. 
In  preparing  the  furnace, 
the  daubing  should  be  put 
on  thinly  and  the  surface 
should  be  blackened  over, 
as  in  blackening  a  dry- 
sand  core  or  dry-sand 
mold ;  for  the  cleaner  the 
melting  can  be  made,  the 
better  final  results  will 
be  gotten  in  casting. 

35.  Only  the  copper 
should  be  melted  in  this 
cupola,  and  the  tin  and 
zinc  of  the  brass  should 
be  added  to  the  copper 
after  it  has  been  tapped 
from  the  cupola;  or  the 
other  components  of  the 
desired  alloy  may  be  in 
the  ladle  in  a  melted  state 
when  the  copper  is  drawn  from  the  cupola.  Mixing  the 
alloy  while  it  is  in  direct  contact  with  the  fuel  causes  it  t«i 
absorb  sulphur  from  the  fuel,  and  metallic  oxides  are  formed, 
which,  with  the  sulphur,  may  generate  gases  and  so  cause 
blowholes  in  the  castings.  Many  founders  who  have  tried 
to  melt  brass  in  the  cupola  have  experienced  this  trouble. 

36.  When  the  furnace  shown  in  Fig.  4  is  used  in  con- 
junction with  crucibles,  the  crucible  should  l>e  charged  in 
the  same  manner  as  for  the  regular  crucible  furnace,  and 
should  then  be  set  in  the  cupola  on  a  bed  of  fuel  ranginjj 
from  8  to  10  inches  in  depth ;  fuel  should  now  be  placetl 
around  the  sides  and  the  blast  applied,  instead  of  inducing 
the  necessary  rapid  combustion  by  means  of  natural  draft 


Fig.  4. 
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MELTING  COPPER  ALLOYS, 


MELTING  COPPBR   AND  OLD   BRASS. 

37*  Increasing  Speed  of  Melting. — It  is,  at  times, 
desirable  to  increase  the  speed  of  melting  in  the  regular 
crucible  furnace.  This  may  be  done  by  inserting  a  blast  pipe 
from  the  cupola  furnace  blower,  under  the  ash-pit,  and 
then  closing  the  front  of  the  ash-pit  with  a  piece  of  sheet 
iron  d^  Fig.  3,  or  by  some  other  means.  Where  two  hours 
would  be  required  to  melt  the  metal  under  natural  draft, 
one  hour  will  generally  suffice  with  forced  draft ;  but  the 
forced  draft  is  much  harder  on  the  crucibles,  and,  besides, 
requires  constant  attendance  from  the  founder,  since  the 
crucible  has  a  greater  tendency  to  change  its  position.  Never- 
theless, there  may  be  times  when  the  speed 
of  melting  gotten  in  this  way  is  desirable. 

38.  Operating  the  Furnace. — Be- 
fore placing  the  crucible  in  the  furnace, 
the  fire  should  be  well  under  way;  and 
there  should  be  sufficient  fuel  in  the  fur- 
nace to  form  a  solid  bed  from  8  to  10  inches 
thick  between  the  crucible  and  the  grate. 
Before  placing  the  crucible  on  this  bed  of 
burning  fuel,  it  is  charged  with  the  metal; 
the  crucible  is  packed  closely,  and  is  filled 
to  the  top,  the  metal  being  allowed  to 
protrude  from  the  top,  if  it  is  known  that 
when  melted  it  will  not  quite  fill  the  cru- 
cible. The  crucible  tongs,  one  form  of 
which  is  shown  in  Fig.  5,  are  then  placed 
over  the  crucible,  and  are  held  in  place  by 
means  of  the  link  u.  The  crucible  is  then 
lifted  and  lowered  into  the  furnace  by  the 
tongs  and  set  evenly  on  the  bed  of  fuel. 
The  tongs  are  now  removed,  and  fuel,  broken  to  a  medium 
size,  is  shoveled  into  the  furnace  to  fill  the  space  between 
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the  crucible  and  the  sides  of  the  furnace,   the  fuel  being 
filled  in  to  the  level  of  the  top  of  the  crucible. 

39.  As  the  fuel  burns  away,  the  crucible  will  settle 
gradually  toward  the  grate,  and  in  order  to  prevent  its 
settling  too  low,  so  that  there  would  not  be  a  sufficient  body 
of  fire  under  it,  it  is  raised  occasionally  by  means  of  the 
crucible  tongs  to  its  original  position.  When  the  crucible  is 
raised,  the  fuel  from  the  sides  will  settle  down  under  it,  and 
the  crucible  is  adjusted  afresh  on  the  bed  so  formed;  the 
crucible  tongs  are  then  removed  and  fresh  fuel  added  to 
the  sides  to  replace  that  which  has  settled  under  the  cru- 
cible ;  the  cover  /,  Figs.  3  and  4,  is  next  replaced  in  order  to 
continue  the  draft  and  keep  the  heat  in  the  furnace. 

40*  In  some  cases  the  crucible  may  need  adjusting  in 
this  way  two  or  three  times  before  the  metal  will  be  hot 
enough  to  be  poured  into  the  molds.  .  As  the  furnace  cools 
somewhat  every  time  it  is  opened  for  the  admission  of  fresh 
fuel,  the  fire  should  be  so  arranged  that  it  will  not  need  fuel 
just  before  the  metal  is  poured,  for  renewing  it  at  that  time 
will  cause  a  setback  by  cooling  the  metal.  Usually  the 
crucible  will  take  more  metal  when  the  first  charge  melts 
and  settles,   in  which  case  the  additional  metal   is  gently 


Fig.  6. 

added  by  means  of  the  tongs  shown  in  Fig.  G.  This  method 
of  melting  brings  the  whole  potful  to  the  melting  tempera- 
ture in  a  uniform  manner. 

41.  It  is  to  be  observed  that  when  a  pot  of  metal  that 
is  hot  enough  to  be  poured  is  held  in  the  fire,  the  whole  mass 
will  be  injured  by  the  absorption  of  oxygen  from  the  air. 
If  old  brass  is  used,  some  of  the  zinc  will  oxidize  or  burn 
out,  and  this  must  be  replaced  by  new  material. 

42.  The  metal  should  not  be  left  in  the  furnace  longer 
than  is  necessary  to  give  it  the  degree  of  fluidity  necessary 
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to  pour  it,  for  if  the  temperature  be  increased  beyond  this 
point,  it  will  cause  injury  to  the  metal  and  may  cause  blow- 
holes in  the  castings,  especially  if  the  metal  has  a  large 
percentage  of  copper. 

43.  By  inserting  a  rod  into  the  molten  metal  it  may  be 
determined  if  the  metal  is  sufficiently  hot;  if  the  metal 
does  not  adhere  to  the  rod  when  it  is  withdrawn,  it  is  at 
least  hot  enough.  The  proper  temperature  tan  be  deter- 
mined only  by  watching  the  alloy  closely  during  the  melting. 


HANnLING  THB  CRUCIBLE  ANn  METAL. 

•44.     When  taking  the  crucible  out  of  the  furnace  v 


the  tongs,  care  must  be  taken  that  the  j; 
and  7,  of  the  tongs  are  below  the  lar- 
gest part  of  the  crucible,  as  is  shown  in 
Fig.  7,  for  if  they  are  not,  the  pot  may 
slip  out  of  the  tongs  before  it  reaches 
the  top  of  the  furnace  or  as  it  is  being 
carried  around  the  floor,  thus  spilling 
and  losing  the  metal,  and  endangering 
the  workmen.  When  the  tongs  clasp 
the  pot,  a  link  u.  Fig.  5,  is  slid  along  the 
handles,  as  shown,  and  made  to  pres.s 
them  tightly  together;  the  pot  can  then 
be  lifted  out  of  the  fiirnace.      If  the  pot 


handle, 

>r  more  men  taking 

and  lifting  it  to  the 

When  the  crucible 

n  hoist  is  used,  hook- 


is    too   heavy   for    c 

it   is  lifted  by  two 

hold  of  the  handles 

top  of  the  furnace. 

is  very  heavy,  a  chai 

ing  it  on  one  of  the  hooks  v,  or  attaching 

it  to  the  eye  iw.  Fig.  5. 

45. 

rails  or  trolley  ways  that  permi 
ried   from  the  furnace  to  the 
in  the  liftingtongs;  or  it  may  be 
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Sometimes  the  hoists  are  suspended  from  overhead 
:ing  car- 


t  of  the  c 
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wered  into  a  ladle  shank  a 
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as  shown  in  Pig.  8.     In  pouring  by  the  use  of  these  shanks, 
an  extra  helper  is  required  to  hold  the  crucible  in  the  shank. 


OXIDAXION. 

46.  As  the  melting  proceeds  in  the  furnace,  care  should 
be  taken  to  keep  the  top  of  the  molten  metal  from  contact 
with  the  air  as  much  as  possible.  This  is  done  by  covering 
the  metal  with  powdered  charcoal,  glass,  or  some  other  fine, 
dry  dust.  Copper,  especially,  has  an  affinity  for  oxygen,  and 
care  must  be  taken  to  prevent  it  absorbing  oxygen  from  the 
air,  since  this  affects  the  strength  and  homogeneity  of  the 
castings  to  such  an  extent  that  when  they  are  broken  oxide 
spots  will  be  found  in  addition  to  blowholes.  To  prevent 
this  as  much  as  possible,  many  founders  will  not  remove  the 
covering  of  charcoal,  or  whatever  covering  may  be  used, 
from  the  surface  of  the  metal  until  the  last  moment  befcre 
pouring,  and  may  even  leave  it  on  during  the  pouring, 
holding  it  back  with  a  skimmer. 

47.  The  evil  of  oxidation  is  so  serious  with  nearly  pure 
copper  and  somcktnds  of  bronze  castings  that  the  scheiteof 
using  secondary  ladles  that  permit  bottom  pouring  is  some- 
times used.  These  secondary  ladles  have  a  hole  through 
the  tiottom  that  is  from  1  inch  to  IJ  inches  in  diameter,  ac- 
coriiing  to  the  speed  of  pouring  desired.  The  hole  isstupped 
with  an  iron  plug  that  is  coated  with  clay  or  graphite,  and 
which  is  so  arranged  that  it  can  be  pulled  out  when  desired, 
thus  permitting  the  flow  of  the  metal  through  the  bottom  <>f 
the  ladle.  This  bottom  hole  should  be  connected  as  closely  as 
possible  with  the  pouring  gate  of  the  mold,  for  if  this  is  not 
done,  the  metal  may  be  sufficiently  exposed  to  the  air  in  its 
passage  to  the  gate  to  absorb  as  much  oxygen  as  though  no 
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secondary  pot  had  been  used.  Even  with  such  a  device 
closely  connected  to  the  pouring  gate,  it  is  impossible  to  pre- 
vent copper  and  some  bronzes  from  absorbing  some  oxygen 
from  the  air  in  the  mold. 

While  it  is  true  that  this  device  does  not  wholly  prevent 
the  absorption  of  oxygen,  there  are  times  when  its  use  will 
produce  results  that  will  justify  its  adoption. 


DBOXIDIZING  MBTALS. 

48.  Silicon. — It  is  beneficial  to  both  the  strength  and 
homogeneity  of  copper,  brass,  and  bronze  castings  to  remove 
as  much  of  the  oxides  or  occluded  gases  arising  from  the 
absorption  of  oxygen  as  is  possible.  For  this  purpose  an 
alloy  of  copper  that  contains  3  to  5  parts  of  silicon  and  90  to 
95  parts  of  copper  is  often  used.  The  usefulness  of  this 
mixture  is  due  to  the  oxygen  having  a  greater  affinity  for 
the  silicon  than  for  the  copper;  hence  the  oxygen  in  the 
metal  unites  with  the  silicon  and  forms  a  silicate  that  rises 
to  the  surface  and  can  be  skimmed  off.  The  addition  of  from 
1  pound  to  1^  pounds  of  this  alloy  to  100  pounds  of  copper  is 
said  to  produce  sound  copper  castings;  if  this  is  not  done, 
the  founder  may  often  experience  much  trouble  from  blow- 
holes, which  are  due  to  the  occluded  gases. 

49.  In  adding  silicon  care  must  be  taken  to  add  it  in  such 
small  quantities  that  none  avIU  be  left  after  the  oxides  are 
fluxed  off.  When  added  to  the  melted  metal,  the  mass 
should  be  well  stirred  with  a  rod  in  order  to  bring  as  much 
as  possible  of  the  copper  in  contact  with  the  flux.  This  is 
practically  a  refining  process. 

50.  Stirring. — A  scheme  used  for  deoxidizing  is  to 
stir  the  copper  slowly  and  steadily  with  a  stick  of  unseasoned 
hard  wood,  from  1}  to  2  inches  thick,  until  a  sample  taken 
will  show,  on  cooling,  a  small  slirink  hole  of  a  brownish 
color  in  its  center ;  the  stirring  is  tlicn  continued  (taking  care 
not  to  alloAV  the  temperature  of  the  metal  to  rise)  for  a  few 
minutes  until  a  sample  taken  will  cool  with  a  level  surface; 
the  metal  is  then  ready  to  be  poured.     Should  the  stirring 
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be  continued  much  longer,  the  metal  will  revert  to  its  former 
condition  because  of  the  occluded  gases. 

While  the  metal  is  being  stirred,  it  should  be  kept  covered 
with  powdered  charcoal,  or  some  other  means  should  be 
taken  to  keep  it  from  contact  with  the  air.  This  plan  has 
resulted  in  obtaining  solid  castings  from  pure  copper. 

51*  PboBpliorus* — Phosphorus  is  also  introduced  into 
the  metal  as  an  oxidizing  agent,  and  is  beneficial  since  the 
oxide  will  combine  with  it  and  pass  off  as  an  oxide  of  phos- 
phorus in  the  form  of  a  yellowish-white  smoke.  Phosphorus 
may  be  obtained  from  a  druggist  in  the  form  of  sticks  about 
the  size  of  a  finger.  The  sticks  weigh  about  %  ounces  each, 
and  a  half  dozen  or  more  are  put  up  in  a  can  or  bottle  that 
is  then  filled  with  water  and  sealed  or  stdppered,  since  the 
phosphorus  will  ignite  at  111**  F.  and  will  take  fire  of  itsown 
accord  if  left  exposed  to  the  air. 

As  the  phosphorus  would  take  fire  in  a  few  seconds  in  the 
hand  if  it  were  removed  from  the  water  in  that  way,  thus 
causing  a  painful  burn,  means  have  to  be  provided  for  im- 
mersing it  in  the  melted  metal.  A  scheme  by  which  this 
is  accomplished  is  to  insert  the  phosphorus  in  a  tube  made 
of  clay  or  graphite,  having  a  |-inch  hole  extending  through 
it.  This  tube  is  attached  to  the  end  of  a  metal  rod,  and  the 
sticks  of  phosphorus  are  held  in  place  by  means  of  some 
strips  of  tin  or  copper  that  are  put  in  with  the  phosphorus 
or  are  fastened  over  the  end.     The  tube  is  immersed  in  the 

^   molten  metal  and  held 
^^A^l  there    until    the  phos- 
^^  n.       ^^^^^^^^W  phorus  is  melted. 

y^m:^ftt0^  *2.     Another    plan 

MKk^^J^^B  is  to  have  an  iron  re- 

I^^^^^^B  ceptacle    a^    shown  in 

y^^^^^m  Fig.  9,  with  a  handle  b. 

^^^^^m  Several  sticks  of  phos- 
phorus are  inserted  in- 

^^''"  **  to  the  chamber  r,  and 

kept  there  until   they  are  dry  and  show  signs  of  catching 
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fire,  after  which  the  holder  is  tilted  gently  and  lowered  into 
the  molten  metal,  where  it  is  held  until  the  phosphorus  has 
been  absorbed. 

S3m  In  order  that  the  phosphorus  may  be  safely  handled 
and  inserted  in  the  molten  metal,  some  founders  prepare  it 
by  placing  the  sticks 
in  a  dilute  solution  of 
sulphate  of  copper  for 
about  thirty  minutes. 
This  deposits  a  coating 
of  copper  on  the  sticks, 
when  they  may  be  safe- 
ly handled  as  long  as 
this  coating  is  sound. 
The  sulphate-of-copper 
solution  may  be  held  in 
a  stone  jar,  and  when 
the  sticks  are  taken  out 
they  may  be  placed  on 
blotting  paper  that  rests 
on  wire  netting,  the  netting  being  supported  in  a  pan  that 
is  about  G  inches  deep  and  contains  about  2  inches  of  water. 
The  pan  should  be  provided  with  an  air-tight  cover,  to  be 
used  in  case  the  phosphorus  should  take  fire.     See  Fig.  10. 

By  handling  phosphorus  quickly  with  the  hands,  and  in- 
troducing it  into  the  metal  with  a  shovel  or  a  pair  of  tongs, 
it  may  be  added  without  using  the  device  shown  in  Fig.  9. 
But  if  added  in  this  way,  much  of  the  phosphorus  will  pass 
into  the  air  and  be  lost. 

54*  Aluminum. — Aluminum  in  a  pure  state  alloyed 
with  copper  in  the  proportions  of  from  ^  to  -^j^  is  used  as  a 
deoxidizing  agent.  It  makes  a  good  deoxidizing  agent  and 
greatly  increases  the  strength  of  the  castings,  but  has  the 
disadvantage  of  increasing  the  shrinkage  to  such  an  extent 
as  to  make  it  almost  impossible  to  get  solid  castings  when 
the  metal  contains  10  to  11  per  cent,  of  aluminum.  Alumi- 
num has  an  additional  disadvantage  in  that  it  oxidizes  when 
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in  contact  with  the  air,  forming  a  thin  film  of  aluminum 
oxide  on  the  surface  of  the  molten  metal  which  may  spoil  the 
casting  if  permitted  to  pass  into  the  mold.  This  film  forms 
so  rapidly  that  it  can  be  seen  forming  on  a  clean  stream  of 
the  molten  metal  as  soon  as  it  leaves  the  lip  of  the  crucible. 

56.  Aluminum  alloys  with  zinc,  and  when  the  mixture 
of  copp)er,  zinc,  and  aluminum  contains  3  per  cent,  or  less 
of  aluminum,  strong  brass  castings  can  be  made.  When 
the  amount  of  aluminum  is  below  3  per  cent.,  in  either 
aluminum  bronze  or  brass  castings,  the  difficulty  of  obtaining 
solid  castings  is  greatly  reduced  below  that  existing  when 
the  metal  contains  10  per  cent,  or  more  of  it. 

56.  When  a  small  amount  of  aluminum  is  found  to  give 
good  results  in  brass  castings  (not  high  grades  of  bronze  or 
gun  metal)  a  good  way  to  introduce  it  into  the  copper  is  in 
the  form  of  aluminum  zinc,  which  contains  90  parts  zinc 
and  10  parts  of  aluminum. 


BUYING  eOPPER. 

57.  Copper,  like  iron,  should  be  bought  on  analysis,  so 
that  its  constituents  may  be  known  to  the  desired  degree  of 
accuracy.     It   can   be   [purchased   on    a    guarantee   that  it 
contains  90.0  per  cent,  pure  copper  and  is  entirely  free  from 
sulphur.     If   it  comes   in    ingot  form,   the  manufacturer's 
name  should  be  cast  on  each  ingot.     The  ingot  should  have 
a  concave  face  on  the  side  that  was  cast  uppermost,  as  this 
shows  the  amount  of  shrinkage  likely  to  occur  from  its  use. 
In  obtaining  an  analysis  of  a  shipment  of  copper,  drillings 
are  taken  from  ingots  selected  from  equal  divisions  of  the 
shipment,  after  the  manner  used  in  obtaining  analyses  vi 
iron. 

PRECAUTIONS  IN   MBLTING. 

58.  The  best  fuels  to  use  with  copper  are  charcoal  and 
coke,  the  former  being  given  the  preference  when  the  best 
results  are  desired.     In  melting  the  copper,  care  should  he 
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taken  not  to  raise  the  temperature  any  higher  than  is  neces- 
sary; this  may  be  determined  by  the  metals  with  which  it 
is  alloyed,  or  it  may  be  determined  by  the  necessity  of  run- 
ning the  molten  metal  into  the  thin  portions  and  corners  of 
the  castings.  The  higher  the  temperature  is  raised  when 
melting,  the  more  oxide  and  gases  will  be  formed;  and  if 
the  temperature  be  great  enough  to  obtain  a  white,  or 
boiling,  heat,  it  may  be  impossible  to  produce  sound  cast- 
ings, and,  in  addition,  the  castings  will  be  very  brittle. 
When  molten  copper  has  been  overheated,  it  may  be  brought 
again  to  a  proper  condition  by  adding  tin  or  phosphorus 
to  it.  The  greater  the  amount  of  phosphorus  or  tin  that  is 
added,  the  more  sound  are  the  castings  likely  to  be. 


ALLOYS. 


COPPBR  A9il)  TIN  ALLOYS. 

59.  Effects  of  Alloying:  With  Tin. — Copper  and  tin 
have  a  great  affinity  for  each  other,  and  mix  thoroughly  in 
nearly  all  proportions.  Tin  is  a  soft,  white  metal  and  melts 
at  about  440°  F. ;  but,  while  both  tin  and  copper  are  soft 
metals,  their  alloys  are  harder  than  the  metals  themselves. 
One  part  of  tin  will  combine  with  2  parts  of  copper  in  so 
homogeneous  a  manner  that  each  metal  will  lose  its  iden- 
tity, giving  a  compound  that  is  gray  in  color  and  very  hard 
and  brittle.  Tin  greatly  increases  the  fluidity  of  molten 
copper;  the  tensile  strength  of  copper  increases  by  the  addi- 
tion of  tin  from  1  to  12  per  cent. ;  the  ductility  of  copper 
increases  from  1  to  8  per  cent. ;  the  ability  of  copper  to  resist 
crushing  increases  up  to  the  addition  of  18  per  cent,  of  tin, 
but  beyond  this  percentage  of  tin  the  alloy  becomes  hard 
and  brittle. 

60.  Gun  Metal. — Alloys  containing  from  1  to  7  per 
cent,  of  tin  turn  a  beautiful  brown  color  when  finished. 
The  alloy  known  as  gun  metal  consists  of  copper  and 
from  8  per  cent,  of  tin  in  the  soft  grades  to  20  per  cent,  in 
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the  hard  grades.  Gun  metal  is  so  greatly  weakened  by  heat 
that  the  tensile  strength  at  500°  is  less  than  two-thirds  that 
at  ordinary  atmospheric  temperatures.  The  best  gun  metal 
has  from  8  to  10  per  cent,  of  tin  alloyed  with  the  copper. 

61.  Tin  is  supplied  to  the  trade  in  pig  or  bar  form,  and 
is  added  to  the  copper  by  melting  each  metal  separately  or 
by  adding  the  tin  while  the  copper  is  in  the  furnace  or  while 
it  is  on  the  shop  floor  in  the  crucible.  There  are  two  grades 
of  tin,  one  called  grain  tin  and  the  other  block  tin;  the 
former,  being  the  purer  metal,  is  used  in  producing  the  best 
grades  of  bronze. 

62«  Alloying  Witli  Tin. — Some  founders,  using  tin 
in  the  pig  or  block  form,  add  it  to  the  molten  copper  by 
holding  the  end  of  the  block  in  the  molten  metal  until  a 
sufficient  amount  has  melted  off,  the  pig  having  previously 
been  marked  at  the  place  that  will  give  the  proper  weight. 
Others  cut  off  pieces  and  immerse  them  separately.  Some 
first  melt  the  tin  and  cast  it  into  small  slabs  or  rolls  of  con- 
venient size.  When  the  tin  is  bought  in  the  bar  form,  it  is 
handled  much  more  easily  than  otherwise. 

63«  When  melting  tin  in  a  crucible  it  must  be  watched, 
and  removed  from  the  fire  as  soon  as  the  tin  is  melted; 
otherwise,  the  fumes,  if  exposed  to  the  air,  will  catch  fire 
and  burn  with  a  bright,  white  light. 

After  tin  has  been  added  to  melted  copper,  the  mass 
should  be  thoroughly  stirred.  This  may  be  done  with  a  rod 
made  of  plumbago  or  an  iron  rod  heavily  coated  with 
graphite.  The  rod  should  be  used  around  the  sides  and 
bottom  of  the  crucible  as  well  as  at  the  middle,  so  as  to 
thoroughly  agitate  the  whole  mass. 

64.  Table  II  presents  the  results  of  an  elaborate  series 
of  experiments  conducted  by  Mr.  R.  Mallet,  M.  R.  I.  A., 
Association  C.  E.,  of  England.  The  metals  were  alloyed  in 
proportion  according  to  their  atomic  weights,  as  shown 
in  the  first  column,  and  hence  the  percentages  are  not 
expressed  in  even  figures. 
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ZIB9C  ALLOYS  AND  BRASS  CASTINGS. 

65*  Zinc. — ^Zinc  is  a  metal  that  has  a  bluish- white  color 
and  possesses  little  strength.  It  will  take  fire  in  the  air  if 
heated  above  750**  F.,  and  in  burning  emits  a  greenish-white 
flame  and  fumes  that  form  oxide  of  zinc.  It  may  be  mixed 
with  copper  up  to  35  or  40  per  cent,  without  having  much 
effect  upon  the  malleability  and  ductility  of  the  alloy,  but 
further  additions  of  zinc  cause  the  mixture  to  become  brittle; 
for  instance,  an  alloy  containing  2  parts  of  zinc  to  1  part  of 
copper  is  so  brittle  that  it  may  be  readily  crushed  in  a 
mortar. 

66.  Brass. — When  zinc  is  alloyed  with  copper  without 
other  additions,  it  gives  the  mixture  called  brass,  while  tin 
alloyed  with  copper  gives  bronze.  When  the  mixture  is 
composed  of  66  parts  copper  and  34  parts  zinCj  we  have  the 
alloy  commonly  used  for  brass  castings;  although,  from  2 to 
4  per  cent,  of  tin  is  often  added,  as  it  gives  greater  strength 
to  the  castings. 

67.  Zinc  gives  fluidity  to  the  alloys  and  is  an  excellent 
deoxidizing  agent  for  the  copper,  assisting  in  obtaining 
sound  castings.  When  a  high  percentage  is  used,  however, 
to  give  extra  fluidity  in  brass  that  is  to  be  used  in  making 
thin  castings,  care  must  be  taken  that  the  metal  is  not  poured 
when  it  is  too  hot,  else  it  may  boil  or  kick  out  of  the  mold. 

68.  In  making  brass  castings,  a  good  color  is  one  of  the 
features  desired.  A  mixture  that  gives  good  results  for  this 
purpose  consists  of  IG  parts  of  copper,  and  from  J  to  1  part 
each  of  tin,  zinc,  and  lead.  If  this  mixture  is  poured  into 
molds  made  from  a  fine  grade  of  sand,  very  fine  light  cast- 
ings having  a  good  color  may  be  obtained. 

69.  Alloying  Wltb  Zinc. — In  adding  zinc  to  copper 
it  may,  when  added  in  small  quantities,  be  inserted  in  the 
molten  copper  by  means  of  a  pair  of  tongs,  when  it  will  be 
thoroughly  melted  by  the  heat  of  the  copper;  in  the  case  of 
adding  a  large  quantity,  it  should  be  melted  along  with  the 
copper,  by  being  charged  into  the  crucible  as  soon  as  the 
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copper  commences  to  melt.  It  may  also  be  melted  sep- 
arately and  poured  into  the  copper  through  a  hole  made  for 
the  purpose  through  the  charcoal  covering,  or  through  a 
hole  in  an  iron  cover;  such  a  cover  is  the  best  thing  to  use 
to  prevent  oxidation.  If  the  metal  is  not  kept  covered,  the 
zinc  will  volatilize  rapidly,  causing  a  vapor  that,  in  burning, 
creates  an  oxide  that  settles  around  the  shop  in  the  form  of 
flakes.  Where  tin  is  also  added,  it  is  put  in  immediately 
after  the  zinc. 

70.  As  zinc  costs  but  from  one-fourth  to  one-third  as 
much  as  copper  or  tin,  it  is  used  in  commercial  work  when- 
ever the  castings  made  from  it  will  answer  the  purpose. 

71.  Table  III,  the  work,  also,  of  Mr.  R.  Mallet,  presents 
the  physical  properties  of  alloys  of  copper  and  zinc.  This 
supplements  Table  II  already  given. 


LBAD  AND  COPPBR  ALLOYS. 

72.  The  specific  gravity  of  lead  is  11.35,  and  it  melts  at 
612°  F.  The  addition  of  lead  to  brass  or  bronze  castings 
decreases  their  strength  and  changes  their  color,  and  also 
makes  them  corrode  more  easily. 

Lead  and  copper  have  little  affinity  for  each  other,  and 
will  only  mix  in  a  satisfactory  manner  when  the  lead  d<vs 
not  exceed  about  3  per  cent.  It  will  scarcely  combine 
with  zinc,  and  a  combination  of  them  is  only  made  by  add- 
ing a  small  percentage  of  arsenic.  However,  lead  will 
assist  in  giving  the  castings  a  smooth  surface,  as  it  forms  an 
oxide  of  lead  on  the  surface  that  prevents  the  molten  metal 
taking  too  sharply  the  impression  of  the  sand. 

73.  Lead  is  used  a  great  deal  in  the  manufacture  of 
Babbitt  metal,  which  is  used  in  the  construction  of  bearings 
for  the  journals  of  shafts  and  spindles;  some  castings  of 
this  character  contain  as  much  as  10  per  cent,  of  it  in  mix- 
ture with  copper  and  tin,  no  zinc  being  used.  It  is  added  to 
the  copper  in  the  manner  that  has  already  been  described 
for  zinc  or  tin.     As  it  is  much  cheaper  than  copper,  zinc, or 
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tin,  it  is  used  as  much  as  possible  by  some  founders.  An 
excess  of  it  is  readily  detected  by  the  color  and  the  lack  of 
homogeneity  shown  when  the  casting  is  broken. 

74.  Lead  is  used  for  other  alloys  than  bronze  and  brass; 
it  is  alloyed  with  antimony  for  making  type  metal,  with  bis- 
muth for  fusible  alloys,  and  with  arsenic  for  making  shot. 


PHOSPHORUS  AND  PHOSPHOR-BRONZE. 

75.  Pliospliorus  is  a  soft,  translucent,  colorless  solid 
of  a  waxy  consistency,  having  a  specific  gravity,  when 
solid,  of  1.83,  and  a  melting  point  of  111°  F.  It  increases 
the  fluidity  of  some  alloys,  and  increases  the  strength  and 
ductility  of  the  castings  gotten  from  them.  It  is  an  excel- 
lent flux  to  use  with  copper  because  of  its  deoxidizing  prop- 
erties. It  is  the  best  agent  known  for  reducing  the  shrink- 
age of  the  brass  alloys,  but  when  poured  hot,  it  causes  the 
metal  to  eat  into  the  face  of  the  mold,  and  so  produces 
rough  castings;  for  this  reason  the  best  results  can  be 
gotten  with  some  pbosplior-bronze  castings  when  they 
are  made  in  a  dry-sand  mold. 

76.  Phosphorus  reduces  the  strength  of  castings  that 
are  subjected  to  high  temperatures,  and  will  cause  them 
to  crack  readily.  It  is  alloyed  with  bronze  in  amounts 
that  range  from  a  few  hundredths  of  1  per  cent,  to  2  per 
cent. ;  but  it  does  not  always  combine  thoroughly  with 
these  bronze  mixtures,  and  may  cause  hard  spots  in  the 
castings.  It  is  best  added  to  alloys  of  copper,  tin,  and  lead 
in  the  form  of  phosphor-copper,  which  is  copper  containing 
from  4  to  6  per  cent,  of  phosphorus,  and  which  is  made  by 
melting  copper  in  a  crucible  and  adding  the  phosphorus  in 
the  manner  already  described.  Phosphor-tin  is  made  by 
melting  the  tin  separately  and  adding  the  phosphorus  in 
the  same  way  as  for  making  the  phosphor-copper. 

77.  Where  the  quantity  of  metal  to  be  cast  is  small  and 
does  not  warrant  the  making  of  the  phosphor-copper  or 
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phosphor-tin,  the  phosphorus  may  be  added  to  the  alloy  in 
the  stick  form,  as  already  described. 

78.  Table  IV  gives  the  composition  of  the  phosphor- 
bronze  used  by  three  of  the  prominent  railroad  companies 
of  the  country. 

TABLE  IV. 


MIXTURES  FOR  PHOSPHOR-BRONZB  BBARING  MBTAL. 


Number  of 
Mixture. 

Copper. 
Per  Cent. 

Lead. 
Per  Cent. 

Tin. 
Per  Cent. 

Phosphorus. 
Per  Cent. 

1 
2 
3 

79.0 
79.7 
79.7 

10.0 

9.5 

10.0 

10 
10 
10 

1.0 
.8 
.3 

79.  A  report  from  a  prominent  railroad  master  me- 
chanic, referring  to  journal-bearing  metals,  in  discussing 
the  advisability  of  making  the  bearings  entirely  of  new 
metal  or  mostly  of  scrap  material,  says:  **It  is  manifestly 
absurd  to  charge  all  sorts  of  disreputable  scrap  into  a  cruci- 
ble and  expect  to  pour  out  high-grade  phosphor-brunze. 
The  ordinary  run  of  scraj)  available  for  tise  in  car  bearings 
is  found  to  contain  zinc  and,  generally,  an  insufficient 
amount  of  tin.  The  presence  (;f  zinc  in  moderate  quantities 
is  not  necessarily  a  serious  detriment,  as  more  or  less  zinc 
is  vaporized  off  in  the  melting.  If  tin  is  lacking,  its  de- 
ficiency should  not  go  unfilled.  Enough  tin  should  be  addeil 
to  form  a  proper  alloy  and  give  the  metal  fluidity.  Oi 
course,  tin  is  a  high-priced  metal,  but  its  moderate  use  i> 
often  necessary  to  obtain  proper  results.  As  is  well  illus- 
trated under  the  microscope,  lead  does  not  chemically  alloy 
with  the  bronze,  but  is  held  in  the  mixture  mechanically, 
very  much  as  water  is  held  in  a  sponge;  asmtich  leadshuiil<i 
be  added  as  the  alloy  will  hold  up  or  absorb.  This  is  desir- 
able for  a  twofold  pur[)ose:  lead  improves  the  bearing  quali- 
ties of  the  alloy  and  at  the  same  time  cheapens  the  cost  per 
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pound.  One  of  the  most  troublesome  conditions  encountered 
in  the  production  of  bronze-bearing  metals  is  the  great 
affinity  that  oxygen  has  for  copper  and  its  alloys  in  the 
molten  state.  If  care  is  not  taken  in  excluding  oxygen  from 
the  metal,  the  resulting  bearing  on  being  fractured  will  show 
discolored  oxide  spots,  which  in  a  car  bearing  is  fatal  to  cool 
running.  The  oxide  being  harder  than  the  unoxidized  por- 
tion of  the  metal  is  pretty  certain  to  give  trouble,  for  the 
hard  spot,  if  occurring  in  the  bearing  surface,  is  almost  cer- 
tain to  form  the  nucleus  for  a  *  copper  spot  *  and  be  the  cause 
of  a  hot  bearing." 

MANGANBSB  IN  ALLOYS. 

80.  Manganese  has  a  specific  gravity  of  about  7.5. 
It  is  of  a  whitish-gray  color,  of  high  metallic  luster,  and  is 
sufficiently  hard  to  scratch  glass.  It  is  alloyed  with  iron 
and  copper — in  iron  as  ferromanganese  and  with  copper  as 
manganese  copper,  which  is  its  best  form  for  the  use  of  brass 
founders,  as  in  the  form  of  ferromanganese  it  introduces  the 
iron  into  the  alloys  of  brass,  much  to  their  injury.  An  alloy 
of  about  70  parts  of  copper  to  30  parts  of  manganese  is  on  the 
market,  and  is  used  in  copper  mixtures  to  give  manganese 
alloys  a  range  in  manganese  from  a  trace  up  to  5  per  cent. 
It  can  be  mixed  with  copper  to  give  a  metal  tiiat  may  be 
forged.  It  is  said  to  give  good  bearing  and  journal  cast- 
ings, and  is  used  extensively  in  casting  propeller  wiieels, 
both  on  account  of  its  strength  and  ductility.  Propeller 
wheels  made  of  this  metal  are  made  thinner  than  is  permis- 
sible with  other  metals,  because,  if  bent,  they  may  be 
straightened  again;  although  it  is  better  to  cast  them  so 
thick  that  they  will  retain  their  shape  when  they  strike  an 
obstacle  when  in  action. 

81  •  Manganese  bronze  does  not  corrode  easily  and  for 
this  reason  it  is  used  in  the  form  of  sheets  for  mining  screens, 
since  the  acid  mine  waters  have  no  effect  on  it.  It  weakens 
somewhat,  however,  when  heated,  and  has  a  greater  per- 
centage of  shrinkage  than  gun  metal. 

5".  Vol.  ly.-ss' 
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82.  A  peculiarity  of  manganese  bronze  is  that  castings 
in  the  form  of  shafts  and  rolls  may  be  made  of  it  in  a  verti- 
cal position  much  better  than  similar  castings  can  be  made 
from  brass  or  gun  metal;  the  latter,  as  a  rule,  are  cast  hori- 
zontally in  order  to  overcome  the  evil  of  shrinkage  as  much 
as  possible. 

83.  A  mixture  found  to  work  well  in  journals  and  sim- 
ilar castings  is  as  follows:  copper,  40  parts;  tin,  3J  parts; 
zinc,  2i  parts;  and  manganese,  2^  parts.  Another  mixture 
suitable  for  propellers,  gear-wheels,  and  heavy  machinery 
is:  copper,  54  parts;  zinc,  40  parts;  tin,  2^  parts;  and  man- 
ganese, 3}  parts.  To  make  metal  suitable  for  the  sheets  of 
mining  screens,  more  copper  and  manganese  and  less  zinc  are 
required.  When  the  alloy  is  very  high  in  manganese,  it  may 
require  chilled  molds  for  casting;  whereas  with  less  man- 
ganese, the  castings  can  be  gotten  in  sand  molds. 

84.  To  make  a  metal  that  resembles  German  silver, 
and  that  has  high  electrical  resistance,  the  following  mix- 
ture may  be  used:  copper,  (^7^  parts;  manganese,  18|^ parts; 
zinc,  13  parts;  and  aluminum,  H  parts. 


AIVTIMOIVY    AND   BABBITT   METALS. 

85.  Antimony  is  a  metal  of  a  brilliant  silvery  while 
color.  Its  specific  gravity  is  0.7,  and  it  melts  at  830"  F. 
At  common  temperatures  it  does  not  oxidize.  It  unites 
with  sodium,  potassium,  and  lead,  forming  with  them  a 
more  homogeneous  mixture  than  does  any  other  metal.  In 
alloy  with  other  metals,  it  hardens  and  whitens  them,  and 
the  alloy  contracts  very  little  while  cooling.  For  these  rea- 
sons it  is  an  excellent  metal  to  use  in  making  printer's  ty[>e 
and  plates.  It  is  used  for  type  metal,  in  the  manufacture 
of  pewter  articles,  antifriction  alloys,  etc.  In  the  manu- 
facture of  type  metal,  1  part  of  antimony  is  used  to  4  parts 
of  lead,  and  for  stereotyping  plates  there  is  added  to  this 
2\  to  5^y  part  of  tin. 


I 
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86«  A  very  hard  pewter  is  made  from  8  parts  of  anti- 
mony, 2  parts  of  copper,  and  9G  parts  of  tin.  By  increasing 
the  copper  a  softer  pewter  can  be  made.  In  making  Bri- 
tannia metal,  8  parts  of  antimony,  2  of  bismuth,  2  of  copper, 
and  100  parts  of  tin  are  melted  together. 

87.  Babbitt  metal  is  made  that  varies  considerably 
in  the  amounts  of  the  various  constituents,  as  tin,  copper, 
antimony,  bismuth,  zinc,  and  lead,  in  order  to  make  the 
metal  suitable  for  the  various  conditions  of  bearings,  weight, 
and  speed  of  rotation  of  the  shafts  and  spindles  for  which  it 
is  used. 

88.  Antimony  is  used  largely  in  the  composition  of  the 
best  grades  of  Babbitt  metal;  these  are  m^de  with  tin  as 
the  principal  constituent,  the  ones  next  in  importance  being 
antimony,  and  a  small  percentage  of  copper;  no  lead  is  used 
in  what  is  termed  the  genuine  Babbitt  metal.  Antimony 
gives  hardness  to  the  babbitt,  while  the  tin  gives  the  antifric- 
tion qualities.  Owing  to  the  difference  in  the  cost  of  lead 
and  tin,  there  is  a  temptation  to  adulterate  with  lead.  The 
grades  having  lead  as  a  constituent  should  not  be  used  in 
bearings  that  support  heavy  loads  or  have  great  friction. 
The  addition  of  lead  to  Babbitt  metal  may  be  determined 
by  rubbing  the  metal  on  paper;  if  lead  is  present,  it  will 
leave  a  mark  somewhat  similar  to  that  made  by  a  lead 
pencil. 

89.  Among  the  soft  metals  in  use,  it  is  claimed  that 
none  of  them  has  greater  antifriction  properties  than  lead ; 
but  on  account  of  the  impracticability  of  keeping  it  in  the 
journal  boxes,  it  cannot  be  used  in  the  pure  state. 

90.  Lead  and  antimony  have  the  property  of  combining 
with  each  other  without  impairing  their  antifriction  quality. 
The  following  mixture  of  them  is  said  to  be  excellent  for 
light,  high-speed  machinery:  80  parts  of  lead,  by  weight, 
mixed  with  20  parts  of  antimony.  In  using  it,  however,  it 
must  never  be  heated  sufficiently  to  scorch  a  splinter  of 
dry  pine. 
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91.  Babbitt  metal  was  so  named  from  the  original 
inventor,  whose  name  was  Babbitt.  Its  composition,  so  far 
as  known,  is  89.3  per  cent,  of  tin;  7.1  per  cent,  of  antimony, 
and  3. 6  per  cent,  of  copper.  It  is  claimed  by  some  writers 
that  the  original  composition  was  B3.3  per  cent,  of  tin, 
8.3  per  cent,  of  antimony,  and  8.4  per  cent,  of  copper. 

92.  The  manufacture  of  this  Babbitt  metal  is  thus 
described  in  Kent's  Mechanical  Engineering  Pocketbook: 
'*  The  copper  was  first  melted  and  the  antimony  added,  and 
then  about  10  or  15  pounds  of  tin,  the  whole  being  kept  at 
a  dull-red  heat  and  constantly  stirred  until  the  metals  were 
thoroughly  mixed,  after  which  the  balance  of  the  tin  was 
added,  and  after  being  thoroughly  stirred  again  it  was  cast 
into  ingots.  In  melting  the  alloy,  it  was  kept  carefully 
covered  with  charcoal  to  prevent  the  antimony  from  vapor- 
izing, otherwise  much  of  it  would  escape  in  the  form  oi 
vapor.  This  metal,  when  carefully  prepared,  is  probably 
one  of  the  best  metals  in  use  for  lining  boxes  that  are  sub- 
jected to  a  heavy  weight  and  wear." 

93«     The  accompanying  table  gives  the  constituents  of 

the  most  prominent  of  the  bearing  metals,  as  analyzed  in  the 
Pennsylvania  Railroad  laboratory  at  Altoona,  Pennsylvania. 


BISMUTH  IN   ALLOYS. 

94.  The  specific  gravity  of  blstnutli  is  9.8,  and  it  melts 
at  about  500°  F.,  but  as  an  ingredient  in  alloy  with  other 
metals,  the  melting  point  is  lower,  one  form  of  solder  melt- 
ing at  212°  F.  It  is  very  brittle,  a  little  harder  than  lead, 
and  has  a  yellowish-white  color.  As  sold  commercially  bis- 
muth is  not  pure,  containing  iron  and  arsenic. 

95»  To  purify  it,  it  is  dissolved  in  nitric  acid,  the  solu- 
tion is  decomposed  with  water,  and  the  precipitate  is  boiled 
in  water  and  then  mixed  with  the  black  flux  and  moderately 
heated  in  a  crucible.  It  possesses  the  peculiar  property  of 
expanding  while  cooling,  which  makes  it  very  valuable  in  con- 
nection with  some  forms  of  castings,  especially  printers' type. 
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TABLE  V. 


COMPOSITION  OP  BEARING   MBTAL8. 


Metal.s. 


Camelia  metal 

Antifriction  metal 

White  metal 

Car  brass  lining 

Salgee  antifriction 

Graphite  bearing  metal.. 

Antimonial  lead 

Carbon  bronze 

Cornish  bronze 

Delta  metal 

American  antifriction 

metal 

Tobin  bronze 

Graney  bronze 

Damascus  bronze 

Manganese  bronze 

Ajax  metal 

Antifriction  metal 

Harrington  bronze 

Car-box  metal 

Hard  lead 

Phosphor-bronze 

Ex.  R.  metal 


Cop- 
per. 

Tin. 

70.20 

4.25 

1.60 

98.13 

Trace 

4.01 

9.91 

14.38 

75.47 

9.72 

77.83 

9.00 

92.39 

2.37 

59.00 

2.10 

75.80 

9.20 

70.41 

10.00 

90. 52 

9.58 

81.24 

10.98 

55.73 

.97 

79.17 

10.22 

70.80 

8.00 

Lead. 


14.75 

87. 92 
84.87 

1.15 
07.73 
80.09 
14.57 
12.40 

5.10 

78.44 

.31 

15.00 

12.52 


7.27 
88. 32 


84. 33 

94.40 

9.01 

15.00 


Zinc. 


Other  Constituents. 


10.20 


85.57 


Trace 


.98 
38.40 


42.07 
Trace 


Anti- 
mony. 


12.08 
15.10 

16.73 

18.83 


19.00 


11.93 

14.38 
0.03 


(1)  No  graphite. 

(2)  Possible  trace  of  carbon. 

(3)  Trace  of  phosphorus. 


Iron. 


.55 
Trace 


(?)  (1) 

Trace  (3) 
.07 

.05 
.11 


(^) 


.08 
.01 

0>) 


(4)  No  manganese. 

(5)  Phosphorus,  .94. 

(6)  Phosphorus,  .20. 


96.     When  alloys  having  bismuth  as  a  constituent  are 
used  in  casting,  the  castings  should  be  cooled  as  rapidly  as 
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practicable,  as  otherwise  the  bismuth  may  separate  from  the 
other  metals  and  weaken  the  casting. 

97.  Mr.  Erwin  S.  Sperry  concludes,  as  the  result  of  five 
experiments  on  alloys  having  about  60  parts  of  copper, 
40  parts  of  zinc,  and  bismuth  that  varied  from  .5  to  .02  of 
1  part,  that  bismuth  causes  brass  to  be  cold  short  and  hot 
short,  and  to  have  both  visible  and  latent  fire-cracks;  also, 
that  high  brass  for  cold  rolling  should  not  contain  over 
.01  per  cent,  of  bismuth.  It  is  not  known  whether  Mr. 
Sperry  knew  that  it  was  essential  that  castings  containing 
bismuth  should  be  rapidly  cooled,  which  is  important  in 
remedying  the  defects  to  which  he  refers.  If  he  did  cool  his 
castings  rapidly  and  then  got  those  results,  it  would  indicate 
that  bismuth  was  not  a  desirable  material  to  mix  with  brass. 


SCRAP  MBTAL  FOR  BRASS  AND  BRONZB  CASTINGS. 

98.  In  the  discussion  of  alloys,  it  has  been  so  far  as- 
sumed that  new  metal  was  used.  As  a  rule,  however,  brass 
founders  use  more  or  less  scrap  metal,  and  many  use  scrap 
entirely,  adding  copper  or  lead  to  soften  their  mixtures,  and 
tin  or  antimony  to  harden  them;  zinc  being  often  used  as 
an  intermediate  metal  to  change  them  slightly,  vary  the 
color,  increase  the  fluidity,  and  act  as  a  flux.  Furthermore, 
phosphorus  and  lead  are  used  to  give  the  peculiar  qualities 
that  they  impart. 

99.  Graclinja:  of  Scrap  Brass. — Scrap  brass  is  graded 
by  the  color  of  its  fracture,  and  is  known  as  yellow,  red,  or 
white  brass.  The  yellow  brass  is  the  most  difficult  to  sort 
as  to  quality,  as  it  may  have  any  of  the  properties  of  the 
others,  and,  hence,  is  best  used  in  small  quantities  in  con- 
junction with  the  other  varieties. 

100.  When  the  scrap  has  a  reddish-colored  fracture,  it 
is  generally  an  indication  that  it  is  rich  in  copper,  and  is  a 
soft  metal;  if  it  has  a  light-colored  fracture,  it  is  assumed 
that  it  is  rich  in  tin  or  antimony,  or  both,  and  is  hard.     By 
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taking  equal  parts  of  each  of  these  alloys  and  mixing  them 
with  from  i  to  ^  good  copper,  using  a  small  quantity  of  lead 
in  the  molten  metal  to  act  as  a  flux,  an  excellent  metal  for 
journals  and  thick  machinery  castings  is  obtained.  When 
putting  the  lead  in  as  a  flux,  the  molten  metal  should  be 
thoroughly  stirred  with  a  rod  around  the  sides  of  the  cruci- 
ble ;  in  fact,  this  should  be  done  with  all  scrap  mixtures,  as 
well  as  with  new  metal,  as  it  assists  in  bringing  the  oxides 
and  occluded  gases  to  the  surface,  where  they  may  be 
removed  or  will  pass  into  the  air.  In  skimming  the  oxides, 
it  is  well  to  remember  that  new  surfaces  are  being  exposed 
to  the  air  to  form  more  oxides,  and  that  the  sooner  the 
metal  is  poured  after  being  skimmed,  the  better  is  the 
chance  of  getting  clean,  sound  castings. 

101«  In  using  all  scrap  metal,  founders  mix  the  scrap 
in  such  proportions  as  to  regulate  the  color,  degree  of  hard- 
ness, etc.  that  they  wish  to  obtain,  and  so  save  the  expense 
of  new  metal. 

102*  Where  the  brass  foundries  are  in  connection  with 
machine  shops,  there  are  usually  quantities  of  borings  and 
turnings  to  be  used.  In  such  cases  the  borings,  etc.  are 
packed  in  a  crucible  and  melted,  after  which  solid  scrap  or 
new  metal  is  added  and  melted  and  mixed  with  the  scrap, 
the  mixture  then  being  treated  as  though  only  solid  material 
had  been  used.  It  is  necessary  to  watch  that  no  iron  chips 
be  introduced  with  the  mixture.  Where  there  are  iron  filings 
and  chips  in  the  mixture,  they  may  be  removed  by  the  aid 
of  a  magnet. 


CARE  OF  CRUCIBLES. 

103*  If  the  crucibles  used  in  melting  brass  be  handled 
carefully,  they  will  last  thirty  or  more  heats;  but  if  they 
are  handled  carelessly  or  ignorantly  they  may  be  spoiled  in 
one  or  two  heats. 

The  first  thing  necessary  to  the  life  of  a  crucible  is  that 
it  be  annealed  thoroughly  for  several  days  at  a  moderate 
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licat,  ranging  about  220°  F.,  such  as  the  mild  heat  in  core 
ovens.  Crucibles  are  usually  thoroughly  annealed  when 
being  made,  but  in  transportation  from  the  maker  to  the 
user,  they  absorb  moisture  that  must  be  slowly  driven  out 
or  they  will  crack  at  the  first  heat. 

104.  In  the  case  of  large  crucibles,  it  is  well,  after  an- 
nealing them  in  an  oven,  to  keep  them  mouth  downwards 
over  a  slow  fire  for  6  or  8  hours. 

A  sufficient  number  of  crucibles  should  be  kept  on  hand, 
so  that  any  of  them  that  are  partly  glazed  may  be  saved  for 
heavy  heats  or  any  especially  hot  firing  that  may  be  on 
hand. 

105.  A  crucible  used  where  the  melting  is  done  in  from 
\^  hours  to  If  hours,  under  forced  draft,  cannot  last  as  long 
as  one  where  from  2  to  4  hours  are  taken  in  the  melting. 
The  character  of  fuel  used  may  also  have  much  to  do  with 
the  life  of  a  crucible.  If  the  draft  or  damper  is  regulated  in 
such  a  manner  as  to  produce  an  oxidizing  instead  of  a  re- 
ducing flame,  the  effect  will  prove  injurious  to  the  life  of  the 
crucible. 

106.  Tlie  kinds  of  metals  melted  also  are  important 
factors.  A  crucible  that  will  last  only  three  heats  when  melt- 
ing nickel  may  last  six  heats  with  steel,  twenty-five  heats 
with  co[)pcr,  and  possibly  the  same  pot  may  be  used  forty 
limes  when  melting  the  soft  compositions. 

107.  In  charging  furnaces,  the  metal  should  not  be 
janimtul  into  the  crucible,  as  this  will  strain  the  pot  and 
cause  slight  cracks.  In  using  the  tongs  they  should  be 
made  to  fit  the  crucible  closely,  since  if  they  do  not  fit,  they 
will  strain  the  parts  with  which  they  are  in  contact. 

l()8o  After  pouring  the  metal  out  of  the  crucible,  care 
should  be  taken  to  see  that  none  remains  in  the  bottom,  as 
it  will  adhere  to  the  bottom  and  tear  it  when  it  has  cooled 
and  while  being  removed  when  the  crucible  is  being  pre- 
pared for  the  next  heat. 
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109.  When  the  heat  is  finished,  the  crucible  should  be 
stored  away  in  some  warm,  dry  place  until  the  next  heat; 
and  if  this  interval  lasts  more  than  a  few  days,  it  should  be 
put  in  the  core  oven  before  being  used  again. 

no.  In  ordering  crucibles,  it  is  well  to  inform  the 
manufacturer  as  to  the  kind  of  metal  for  which  it  will  be 
used;  this  will  enable  him  to  select  a  mixture  for  the  cruci- 
ble that  will  be  suitable  for  the  intended  work. 


I 


BLACKSM ITHING  AND  FORGING. 

(PART   1.) 


IRON  AND  STEEL, 

1  •  Definition  of  Fordoing:.  —  Forfl^ins:,  or  black- 
smitbins:,  is  the  hammering  or  pressing  of  metal  (iron  or 
steel)  into  required  shapes.  This  may  be  done  while  the 
metal  is  hot  or  cold,  as  the  circumstances  require. 


KINDS  OF  IRON. 

2.  Pi ff  Iron.  —  Iron  ore  is  taken  from  the  mine,  put 
into  a  furnace  together  with  fuel  (coal,  coke,  or  charcoal) 
and  a  flux  (generally  limestone),  and  melted  under  a  forced 
draft,  the  ore  being  reduced  to  metallic  iron.  When  a 
sufficient  quantity  of  molten  iron  has  collected  in  the 
bottom  of  the  furnace,  the  tap  hole  is  opened  and  the  iron 
is  allowed  to  run  out  into  ditches,  from  which  it  flows  into 
side  pockets,  where  it  is  allowed  to  cool.  When  just  set, 
the  pieces  are  broken  apart,  forming  the  pig  iron  of 
commerce. 

3.  Ca»t  Iron. — The  pig  iron  may  again  be  melted  in  a 
cupola  and  cast  into  molds.  It  is  then  known  as  cast  iron  ; 
it  is  hard,  brittle,  and  crystalline  in  structure.  Pure  iron 
is  tough,  ductile,  and  malleable,  so  that  cast  iron  must  owe 
its  properties  to  some  foreign  substance.  A  chemical 
analysis  shows  that  cast  iron  contains  carbon  ;  the  amount 
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varies  greatly,  and  with  it  the  tenacity  and  malleability  of 
the  iron.  Carbon,  then,  is  one  of  the  foreign  substances 
that  makes  iron  hard  and  brittle.  The  Hron  absorbs  the 
carbon  from  the  fuel  with  which  it  is  melted  ;  some  of  it 
is  merely  mechanically  mixed  with  the  iron,  while  some  is 
in  actual  chemical  combination. 

4.  Wrouffbt  Iron. — Extracting  the  carbon  makes  the 
iron  malleable  and  ductile.  The  carbon  may  be  burned  out 
by  forcing  a  blast  of  air  through  it  or  across  its  surface 
while  molten.  In  this  way  the  particles  of  carbon  are 
brought  into  contact  with  the  oxygen  of  the  air,  forming 
carbonic-acid  gas,  CO^.  When  the  carbon  has  been  burned 
out,  the  iron  is  cast  or  formed  into  ingots  or  blooms,  which 
are  rolled  and  forged  into  bars  or  shapes.  Charcoal,  coal, 
coke,  oil,  or  gas  may  be  used  as  fuel  for  heating  or  melting 
the  iron.  Charcoal,  however,  being  free  from  sulphur  and 
other  impurities  so  common  in  coal  and  coke,  is  the  best  fuel 
The  excellence  of  the  Swedish  iron  is  due  partly  to  the 
purity  of  the  ore,  and  partly  to  the  fact  that  charcoal  is 
used  for  fuel  in  smelting  it.  Good  charcoal  iron  can  be 
tied  into  a  knot  while  cold  without  breaking,  or  it  may  be 
bent  double,  pounded  down,  and  then  straightened  without 
cracking. 

5.  Puddle  Iron. — The  puddling  process,  which  is  now 
generally  used  for  the  production  of  wrought  iron,  consists 
in  melting  a  quantity  of  cast  iron  on  an  open  hearth  and 
then  adding  small  quantities  of  iron  ore.  Cast  iron  con- 
tains carbon  and  the  iron  ore  contains  oxygen;  the  oxygen 
combines  with  the  carbon,  making  carbonic-acid  gas,  C0^\ 
this  and  the  combination  of  the  carbon  and  other  foreign 
substances  in  the  iron  with  the  gases  of  the  fuel  as  they 
pass  over  the  iron,  removes  nearly  all  impurities,  leaving  the 
iron  nearly  pure. 

6.  Fagot  Iron. — Fagot  iron  is  made  by  subjecting 
scraps  of  wrought  iron  to  a  welding  heat  and  then  welding 
them  together  under  a  heavy  hammer.  The  blocks  or 
billets  are  then  hammered  or  rolled  out  into  bars  or  shapes. 
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KINDS  OF  STEEL. 

7.  Characteristics  of  Steel. — It  has  been  seen  that  it 
was  the  carbon  in  the  cast  iron  that  was  the  principal  factor 
in  making  it  hard  and  brittle,  while  extracting  the  carbon 
left  the  wrought  iron  soft  and  ductile.  It  is  evident  that 
some  point  exists  where  the  amount  of  carbon  is  such 
that  the  product  has  some  of  the  characteristics  of  each; 
that  is,  where  it  has  some  of  the  ductility  and  malleability 
of  wrought  iron  and  the  hardness  and  brittleness  due  to  the 
carbon.  When  this  point  is  reached,  the  product  is  termed 
steel.  It  is  tough,  but  at  the  same  time  the  carbon  that  it 
contains  enables  it  to  acquire  a  great  degree  of  hardness. 
The  hardening  is  accomplished  by  chilling  the  metal  sud- 
denly, and  the  degree  of  hardness  depends  on  the  amount 
of  carbon  contained  and  on  the  rapidity  with  which  it  is 
chilled  from  a  cherry-red  heat. 

8.  Comparison   of  Wrou8:lit    Iron    and    Steel.  — 

Wrought  iron  is  fibrous  in  its  structure,  but  steel  has  lost 
its  fibrous  structure  and  is  crystalline.  Steel  is  improved 
by  working  it  at  the  proper  temperature.  Owing  to  the 
variation  in  the  carbon  contained  in  the  different  kinds  of 
steel,  the  different  grades  require  different  treatment  in 
forging  and  tempering.  Good  quality  steel  is  homogeneous 
throughout,  that  is,  it  is  of  the  same  consistency  and  struc- 
ture. In  the  poorer  grades  two  pieces  cut  from  the  same 
bar  may  show  different  results  under  the  same  treatment; 
such  steel  is  not  homogeneous. 


MANUFACTURB   OF    TOOL    STEEL. 

8.  Puddle  Steel. — This  is  made  by  melting  cast  iron 
on  a  shallow  open  hearth  built  of  firebrick.  When  the  iron 
is  in  a  molten  condition,  small  scraps  of  wrought  iron  are 
thrown  into  it,  the  mass  being  stirred  continually  until  it 
becomes  granular  and  spongy.  The  cast  iron  being  high  in 
carbon  and  the  wrought  iron  comparatively  pure,  it  is 
evident  that  by  judiciously  proportioning  the  amounts  of 
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each,  a  mixture  can  be  obtained  containing  any  desired 
per  cent,  of  carbon.  The  product  is  then  hammered  and 
worked  into  suitable  bars. 

10.  Blister  Steel. — This  is  made  by  packing  bars  of 
good  charcoal  iron  (generally  J  inch  square)  into  tight  iron 
boxes  with  powdered  charcoal,  bone  ash,  or  some  other 
form  of  practically  pure  carbon.  This  is  subjected  to  a 
cherry-red  heat  for  a  number  of  days  (7  to  14  days).  The 
iron  absorbs  a  certain  amount  of  the  carbon,  which  gradu- 
ally penetrates  to  the  center.  The  bars  are  then  taken  out 
and  found  to  be  covered  with  scale  or  blisters.  These  are 
scraped  off  and  the  bars  heated  to  a  cherry  red  for  a  few 
days  to  distribute  the  carbon  more  evenly  throughout. 

11.  Shear  Steel. — For  shear  steel,  the  bars  of  blister 
steel  are  cut  up  and  then  brought  to  a  welding  heat  and 
welded  together  under  a  heavy  hammer.  After  this  they 
are  rolled  out  into  bars. 

1 2.  Double-Sliear  Steel. — If  the  bars  of  shear  steel 
are  again  cut  up  and  the  short  pieces  welded  into  a  block 
and  then  rolled  out  into  bars,  the  product  is  called  double- 
shear  Hteel.  This  gives  still  greater  uniformity  of  struc- 
ture than  the  single-shear  steel;  tools  made  from  double- 
shear  steel  take  a  very  fine  temper. 

1 3.  Crucible  Steel  or  Cast  Steel. — In  order  to  obtain 
still  greater  uniformity  in  the  composition  of  the  steel,  the 
bars  of  blister  steel  are  frequently  broken  into  small  pieces 
and  melted  in  a  crucible.  The  metal  is  then  cast  into  ingots, 
which  are  rolled  into  bars  and  put  on  the  market  as  cruci- 
ble steel  or  cast  steel.  This  process  produces  a  very  fine 
quality  of  steel,  which  is  used  for  the  best  grades  of  instru- 
ments and  edged  tools. 

1 4.  Blister  steel  and  its  products  are  now  comparatively 
little  used,  except  for  certain  high-grade  tool  steels.  The 
larger  portion  of  the  tool  steel  now  manufactured  is  made 
by   taking  high-grade  wrought    iron    (Swedish    iron    being 


1 

i 


§  U  BLACKSMITHING  AND  FORGING.  5 

commonly  used  for  this  purpose)  and  packing  it  in  pots 
with  the  requisite  amount  of  charcoal,  sealing  a  cover  on 
the  pots,  and  melting  the  entire  charge  down  together. 
Many  of  the  modern  pot  furnaces  are  fired  by  gas.  The 
melting  pots  are  drawn  one  after  the  other  and  their  con- 
tents poured  into  a  large  ladle.  This  mixes  the  charge 
from  all  the  pots,  thus  insuring  a  more  uniform  grade  of 
steel.  The  contents  of  this  large  ladle  are  then  poured  into 
ingot  molds,  and  these  ingots  are  subsequently  worked  down 
under  hammers  or  with  rolls.  The  best  tool  steel  is  worked 
down  entirely  under  hammers. 

1 5.  Laminated  Steel. — This  is  made  by  coiling  steel 
wire  around  a  core  and  then  welding  the  rings  together.  It  is 
very  elastic  and  tough  and  stands  a  great  strain.  It  is  used 
principally  for  gun  barrels. 

16.  Faggot  steel  is  made  of  scraps  of  steel  in  the  same 
way  as  fagot  iron;  the  quality  of  the  product  depends  on 
the  quality  of  the  scraps  used. 

1 7.  Treatment  of  Tool  Steel. — Of  the  different 
grades  of  tool  steel,  that  which  is  sold  under  the  name  of 
shear  steel  will  stand  a  higher  temperature  than  many  of 
the  other  brands.  The  temperature  that  steel  will  stand 
depends  very  largely  on  its  percentage  of  carbon;  the  high- 
est grade  of  steel,  containing  1^  per  cent,  carbon,  has  to  be 
worked  with  very  great  care.  This  is  also  true  of  the  steel 
used  in  the  manufacture  of  some  files,  which  contains 
If  per  cent,  carbon.  These  high-carbon  steels  cannot  be 
welded.  Ordinary  high-grade  tool  steel  containing  IJ  per 
cent,  carbon  can  be  welded  if  great  care  is  used,  and  will 
stand  a  much  higher  heat  in  forging  than  the  higher  carbon 
steels,  and  as  the  percentage  of  carbon  decreases,  the  heat 
at  which  the  steel  can  be  worked  increases.  No  high-carbon 
steel  should  be  heated  to  more  than  a  mild  cherry  red. 

IS.  Steel  is  improved  by  working,  if  care  is  taken  to 
guard  against  burning  it,  and  it  will  stand  more  working 
than  iron.     It  is  better  to  work  steel  by  a  rapid  succession 
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of  medium  hammer  blows  than  by  pounding^  it  down  sud- 
denly with  heavy  blows. 

19.  Self-Hardenins  Steel. — Self -hardening  steel  is 
a  special  cast  steel  to  which  some  other  elements  besides 
carbon  have  been  added.  Wolfram  or  tungsten  and  chro- 
mium are  among  the  elements  commonly  used.  Steels  of 
this  general  class  are  simply  forged  to  the  desired  shape, 
heated  to  the  proper  temperature,  and  allowed  to  cool  in 
the  air,  or  in  a  blast  of  air,  when  they  will  be  found  suffi- 
ciently hard  for  use.  Special  processes,  as,  for  instance, 
the  Taylor- White  process  of  the  Bethlehem  Steel  Company, 
have  been  invented  for  treating  these  self-hardening  steels 
and  rendering  them  able  to  hold  their  temper  even  when 
quite  hot  (a  dull-red  heat),  thus  enabling  the  cutting  speed 
of  the  tools  to  be  greatly  increased.  Self -hardening  steel 
tools  are  rarely  if  ever  used  for  finishing  work,  their  sphere 
of  usefulness  being  as  roughing  tools. 


80PT»  OR    MILD,  STBBL. 

20.  Bessemer  Process. — Soft  steel,  or  mild  steel,  is  a 
steel  that  contains  very  little  carbon ;  it  is  scarcely  more  than 
good  iron  just  beginning  to  show  some  of  the  characteristics 
of  steel.  The  Bessemer  process  consists  of  forcing  a  blast 
of  air  through  the  molten  mass  of  cast  iron,  thus  burning 
out  the  carbon.  The  required  amount  of  carbon  is  then 
supplied  by  the  addition  of  spiigelciscn^  which  is  an  iron  con- 
taining manganese  and  carbon.  This  manganese  enables 
the  iron  to  hold  a  large  amount  of  carbon,  the  exact  pcr- 
centage  being  ascertained  by  a  chemical  analysis.  When 
thoroughly  mixed,  the  steel  is  cast  into  ingots,  which  are 
rolled  and  forged  into  the  required  forms. 

21.  Siemens-Martin  Process. — Gun  parts,  boiler 
plates,  etc.  are  often  made  of  steel  that  is  made  by  what  is 
known  as  the  open-hearth^or  Siemens-Martin,  process. 

In  this  process  cast  iron  is  melted  in  an  open-hearth  furnace 
and  scrap  wrought  iron  or  steel  and  iron  ore  is  added. 
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22.     Carbon   Contents  of  Iron  and  Steel.  —  The 

amount  of  carbon  which  the  different  kinds  of  iron  and  steel 
contain  can  be  seen  in  the  following  tables: 

Cast  iron 2^  to  6j^. 

Tool  steel ^^  to  2^. 

Mild  steel |^  to  i^. 

Wrought  iron Traces. 

Different  kinds  of  steel,  with  varying  amounts  of  carbon, 
are  suited  for  different  purposes,  as  follows: 

.5^  carbon  for  hot  work,  battering  tools,  hammers,  etc. 

.6  to  .7^  carbon  for  dull-edged  tools. 

.7  to  .8^  carbon  for  cold  sets  and  hand  chisels. 

.8  to  Ij^  carbon  for  chisels,  drills,  dies,  axes,  knives,  etc. 

1  to  1.2j<  carbon  for  axes,   knives,  large  lathe  tools,  large 

drills,  and  dies.     (If  used  for  drills  and  dies,  great  care 

is  required  in  tempering.) 
1.2  to  1.7j^  carbon  for  lathe  tools,  small  drills,  etc. 
.9  to  1^  carbon  is  the  best  all  around  tool  steel. 


SHOP  EQUIPMENT. 


GENERAL  CONSIDERATION  OF  FIRE. 

23.  Combustion.  —  In  the  combustion  of  fuel  (char- 
coal, coal,  or  coke),  the  oxygen  of  the  air  combines  with  the 
carbon  of  the  fuel.  The  chemical  combination  produces 
heat;  the  temperature  attained  depends  on  the  rapidity  with 
which  this  combination  takes  place,  and  the  amount  of  heat 
depends  on  the  amount  of  carbon  and  oxygen  combining. 
Under  ordinary  conditions,  the  combustion  would  not  go  on 
rapidly  enough  to  generate  sufficient  heat  to  raise  iron  or 
steel  to  the  temperature  necessary  to  soften  it  sufficiently 
for  working  under  the  hammer.  Artificial  draft  is  produced 
in  order  to  supply  more  oxygen  to  the  fuel,  and  thus  increase 
the  rate  of  combustion.     It  is  possible,  however,  to  supply 

S.  Vol.  iy,—36. 
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too  much  air  and  blow  the  fire  out,  because  too  much  cold 
air  will  chill  the  hot  coals  below  the  temperature  at  which 
the  oxygen  will  combine  with  the  carbon,  or  it  may  only 
lower  the  temperature  by  using  the  heat  of  the  fire  to  warm 
the  excess  of  air  that  passes  through  it.  If  an  excess  of  oxy- 
gen is  supplied  to  the  fire,  some  of  it  will  Combine  with  the 
iron,  forming  a  scale  of  oxide  of  iron.  Such  a  fire  is  called 
an  oxidizing  fire^  but  if  all  the  oxygen  is  used  in  the  com- 
bustion and  there  is  an  excess  of  carbon,  the  fire  is  called  a 
reducing  fire, 

24.  Fuels. — Charcoal,  coke,  coal,  oil,  and  gas  are  some 
of  the  fuels  that  may  be  used  in  forging.  Of  the  solid  fuels, 
charcoal  is  best  on  account  of  the  small  amount  of  impurities 
that  it  contains.  Coke  or  small  sized  bituminous  coal  is 
very  good  if  free  from  sulphur  and  phosphorus.  Sulphur 
makes  the  iron  hot  shorty  that  is,  it  makes  it  brittle  while 
hot.  Phosphorus  makes  the  iron  cold  shorty  that  is,  it  makes 
it  brittle  when  cold.  Sulphur,  lead,  bronze,  or  brass  must 
never  be  allowed  to  get  into  the  fuel  nor  into  a  fire  that  is 
to  be  used  for  iron  or  steel  later  on.  A  weld  may  be  spoiled 
by  throwing  some  brass  filings  into  the  fire. 


FORGES. 

25.     Brick  Forge. — A  very  serviceable  form  of  brick 
for^e   is  shown    in  Fig.    1.      It  is  built  up  of  brick  2  ftn?t 

2  inches  or  2  feet  4  inches  high.  For  ordinary  work,  the 
side  a  b  may  be  2  feet  0  inches  to  3  feet  long,  and  the  side^r, 

3  to  4  feet  long.  An  iron  water  trough  G  or  8  inches  wide  is 
fastened  along  the  edge  be,  the  coal  is  heaped  on  the  forge 
at  /",  a  cinder  pit  is  built  in  the  bottom,  into  which  the  cin- 
ders are  emptied  from  the  fire;  a  sheet-iron  conical  hood  i> 
spiked  against  the  chimney  over  the  fire  to  catch  the  smoke 
and  cinders  and  lead  them  into  the  stack.  The  tuyere  ri> 
set  12  to  IG  inches  in  front  of  the  chimney ;  the  blast  is  con- 
trolled by  means  of  the  handle  k\  and  the  ash  door  by  means 
of  the  weighted  handle  s. 
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2ft.  Iron  Porge- — The  iron  forges  are  made  wilh  a  cast- 
iron  ?Jowi  supporleH  on  legs.  The  tuyere  is  fastenerl  in  the 
bowl  and  the  blast  is  supplied  either  from  a  stationary  blower, 
or  bellows,  or  from  a  small  blower  secured  to  the  forge.     The 


,blower  may  be  driven  by  a  crank,  a  treadle,  or  a  lever  work- 
ing with  a  ratchet.  Fig.  i  shows  a  semiportable  forge  de- 
ligned  for  fairly  large  work.  It  has  no  hood  to  obstruct 
Jlhc  handling  of  the  work.  The  blast  is  supplied  from  the 
Mast  pipe  or  from  a  small  portable  blower  mounted  on  a 
eparate  stand;  «  is  a  rest  for  long  pieces;  it  is  supported 
ly  the  fuot  b;  €  is  the  coal  trough  and  i/the  water  trough; 
is  tile  top  of  the  tuyere;  the  blast  connection  is  made  aty, 
jid  th<3  ash  chute  is  shown  at^. 
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27.      Portable  Forse. — Fig.  3  shows  a  portable  forge 
that  has  a  cast-iron  bowl  a  supported  on  legs  made  of  iron 


pipes.  The  blast  is  supplied  from  a  small  rotary  fan/, 
secured  beneath  the  bowl.  The  fan  is  operated  by  the 
lever  6  connected  with 
a  lever  ti  carrying  a 
ratchet  on  its  outer 
end  that  en;;ages  with 
the  ratchet  teeth  un  llie 
inside  of  the  gear  c 

28.     The   Toyefe- 

The  casting  through 
the  base  of  which  ihe 
blast  is  supplied  i? 
called  the  tuyere  (pro- 
nounced  tn'tt'-er).  This 
is  generally  a  cast-iron 
pot,  or  shell,  with  a 
hole  through  the  bot- 
tom connecting  with 
the  air  duct.  In  this 
air  duct,  or  in  the 
tuyere  itself,  there  is  » 
shutter  or    a  valve  for 
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regulating  the  air  supply.     Besides  this  there  is  generally  a 
hole  in  the  bottom  that  may  be  opened  to  drop  the  cinders 


Pig.  4. 


out  of  the  fire  into  the  cinder  pit  below.  Figs.  4  and  5  show 
two  styles  of  tuyeres,  the  one  illustrated  in  Fig.  4  being 
shown  in  section.  The 
dish -shaped  fire-pot  b  has 
a  circular  hole  g  in  the 
bottom,  below  which  the 
valve  c  turns  on  the  axis  d. 
The  blast  enters  through 
the  pipe  j\  The  tube  r  is 
closed  at  the  lower  end  by 
the  shutter  /",  which  is 
hinged  on  the  pin  h. 
When  cinders  have  col- 
lected in  the  space  H,  the 
shutter  /  is  opened  by 
means  of  the  rod  k  and 
the  cinders  are  dropped 
out.  By  turning  the  rod  d, 
the  ball  valve  is  brought  pio.  s. 
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into  different  positions,  thus  increasing  or  dimiDishing  the 
openings  at  g.  The  tuyere  shown  in  Pig.  5  is  similar  to 
the  other,  but  is  of  a  simpler  and  cheaper  construction. 
The  parts  are  lettered  as  in  Fig.  4. 


THB   BLAST. 

29.  The  Bellows.  —  The  blast  is  produced  either  bjr 
means  of  a  rotary  fan  or  blower,  or  by  a  pair  of  bellows. 
The  bellows  illustrated  in  Fig.  6  consist  of  two  parts,  tbe 
lower  and  upper  bellows.  They  are  separated  by  a  parti- 
tion, and  the  air  from  the  lower  half  is  forced  through 
the  valves  f  in  the  Center  board  into  the  upper  chamber, 
where  it  is  stored  for  use.  The  bellows  are  hung  from  the 
center  board  by  the  pins  m,  and  as  the  lower  board  is  forced 
up,  the  air  is  pressed  through  the  valves  /  into  the  upper 


chamber,  inflating  it  and  raising  the  top  board.  As  the  bot- 
tom board  descends,  the  valves/close  and  the  valvesi"  open, 
allowing  airto  flow  in  and  fill  the  space  below  the  centerboard. 
By  fastening  a  weight  to  the  top  board  the  pressure  is  in- 
creased. There  should  be  a  hook  and  chain  suspended  from 
the  ceiling,  on  which  the  top  board  of  the  bellows  may  be 
himg  by  the  hook  /  when  not  in  use.  This  will  keep  the 
leather  stretched  while  the  bellows  are  idle  and  will  prevent 
its  cracking.     With  this  care,   the  bellows  will  last  much 
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longer,  for  if  the  upper  part  is  always  crushed  together,  the 
leather  will  soon  crack  and  the  upper  part  will  be  spoiled 
while  the  lower  half  is  still  in  good  condition.  The  oper- 
ating chain  or  rod  is  attached  to  the  hook  d,  and  the  air  from 
the  upper  part  discharges  through  the  tube  //.  The  leather 
of  the  bellows  should  be  oiled  two  or  three  times  a  year 
with  neatsfoot  oil  or  harness  oil  to  preserve  it.  It  should 
always  be  oiled  before  cold  weather  sets  in  so  as  to  make  it 
pliable  during  the  winter.  On  a  cold  morning  the  bellows 
should  be  started  slowly  so  as  not  to  crack  the  leather 
while  it  is  stiff  with  the  cold. 


30.  Rotary  Blower  or  Faa. — The  rotary  blower  or 
centrifugal  fan.  Fig.  7,  has  a  number  of  blades  set  nearly 
radially  on  the  shaft 
and  placed  within  a 
cylindrical  iron  casing. 
An  inlet  hole  d  is 
placed  concentric  with 
the  shaft,  and  an  outlet, 
opening  into  the  de- 
livery pipe  k,  is  left  at 
the  periphery  of  the  ca- 
sing. Theshaftisdriven 
by  a  belt  passing  over 
the  pulley  e.  The  rapid 
revolution  of  the  blades 
throws  the  air  out  cen- 
trifugally,  that  is,  away 
from  the  center,  but  it 
cannot   escape   until  it 

comes  to  the  outlet  hole.  The  outside  air  close  to  the 
shaft  rushes  in  to  fill  the  space,  and  so  a  constant  blast  is 
maintained.  Ordinarily,  a  blast  of  from  4  to  6  ounces  lo 
the  square  inch,  or,  approximately,  7  to  10  inches  of  water, 
is  maintained.  A  pressure  of  1  pound  to  the  square  inch  is 
equal  to  the  pressure  of  a  column  of  water  with  an  area 
of   1  square  inch  and  27.7  inches  high,   and  the  pressure 
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of  1 
1.73 


ounce   to   the   square   inch  i.s  equal  to  a  pressure  of 
inches  by  the  water  gauge. 

31.     Water   Gauge.— A 

simple  form  of  water  gauge  can 
be  made  by  bending  a  glass  tube 
into  the  shape  shown  in  Pig.  8. 
The  tube  is  fastened  to  a  board, 
and  a  scale  graduated  in  inches  is 
made  to  slide  vertically  between 
the  two  parallel  arms  of  the  tube. 
The  air  pipe  is  connected  at  i: 
and  has  a  stop-cock  at  s;  the 
end  a  is  left  open.  Water  is 
poured  into  the  tube  until  it 
rises  to  the  height  d  in  both 
tubes.  The  stop-cock  s  is  then 
opened  and  the  pressure  forces 
the  water  up  in  the  tube  a;  the 
scale  is  then  moved  into  posi- 
tion so  that  the  zero  mark  is 
Fig- 8-  on   a   line  with    the  water  in  thf 

irter  tube,  and  the  reading  taken  according  to  the  height 

water  in  the  lung  arm. 


THE  ANVII-. 
32.  Construction  of  Anvil.  — The  ordinary  black- 
smith anvil  is  slmwn  in  Fig.  0;  it  has  a  horn  «  on  one  eini. 
aninnd  whirli  thu  bending  is  done.  The  body  of  the  aiivil 
is  gL-ncrally  made  of  wrought  iron,  and  a  face  of  steel  is 
welded  on  top  and  hardened  under  a  flow  of  water  to  the 
proper  degree  of  hardness.  If  too  soft  it  will  nick,  and  if 
too  hard  it  is  liable  to  chip  at  the  corners  and  edges.  Some 
anvils  are  made  of  cast  iron  and  have  a  cast-steel  face. 
These  arc  very  brittle.  A  cast-iron  anvil  with  a  horn 
cnnni'l  be  used  for  heavy  work  because  the  horn  is  liahle 
to   be   broken    off.      For    light   work,  however,  it  will  give 
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good  service.     Square-faced  anvils  without  a  Im 
quently  made  of  cast 
iron,   but  the    edges 
are  liable  to  cViip  off. 

33.     Setting    of 

Anvil.  — The  anvil 
should  be  placed  on 
a  solid  block  (a  butt 
end  of  oak  is  best) 
and  be  fastened  to  it 
with  iron  straps  as 
shown  in  Fig.  9,  or 
with  staples.  Anvils 
upon  which  soft 
m  e  t  a  I R   a  r  e   to  be 

worked  often  have  a  layer  of  felt  or  cloth  beneath  them. 
The  weights  of  anvils  vary  greatly ;  small  ones  are  used  for 
light  work  and  large  ones  for  heavy  work.  An  average  anvil 
will  weigh  from  150  to  200  pounds.  The  height  of  an  anvil 
should  be  such  that  when  standing  beside  it  the  knuckles 
will  just  reach  the  face  of  the  anvil.  The  weight  is  gen- 
erally stamped  on  the  side,  and  on  many  anvils  is  given 
in  gross  weight.  If  a  person  stands  facing  the  anvil,  with  the 
horn  to  the  right,  the  weight  is  generally  found  stamped 
on  the  near  side;  the  figures  toward  the  left  designate  the 
number  of  hundredweight,  in  gross  weight  of  112  lb., 
the  figures  in  the  center  the  quarters  of  a  hundredweight, 
and  the  figures  at  the  right  show  the  number  of  extra 
pounds.  Thus,  if  an  anvil  is  stamped  2-2-17,  it  means: 
2  hundredweight  of  112  pounds  each,  which  is  224  pounds 
-4-  3  quarters  of  a  hundredweight,  which  is  50  pounds-}- 1? 
pounds,  making  the  total  weight  of  the  anvil  297  pounds. 

At  the  right-hand  end  of  the  anvil,  there  is  a  square 
hole  b.  Fig.  0,  called  the  hardic  hole,  in  which  cutting  and 
forming  tools  are  held.  The  small  round  Imle  c  near  the 
hardie  hole  is  called  the  priulwl  /iiih\  In  punching  small 
holes,  the  core  is  punched  out  through  this  hole. 
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HAMMERS    AND    SLEDGES. 

34.  Classification. — Hammers  are  classified  accord- 
ing to  weight  into  hand  hammers^  hand  sledges^  and  swing 
sledges ;    and  according  to  the  peen  into  ball-peen,  shown 


(b) 


Fig.  10. 


in  Fig.  10  {a)^  cross-pecn,  shown  in   Fig.  10   {b),  and  long- 
peen  or  straight-peen,  shown  in  Fig.  10  {e). 

35.  Hand  Hammers. — A  hand  hammer  should  not 
weigh  more  than  %\  pounds,  a  1-pound  hammer  being  a 
very  convenient  size  for  small  work.  The  hand  hammer 
is  made  to  use  with  one  hand  and  is  handled  by  the  smith 
himself.  The  handle  is  from  14  to  16  inches  long,  and  L> 
made  of  a  size  that  will  fit  the  hand  c(^mf<^rtal)lv.  Near 
the  head,  the  handle  is  made  a  little  thinner,  as  shown  at  ^/. 

Fig.  10  {(i).     This  is  done  to  give  it  spring. 

to  avoid  stinging  the  hand.     A  handle  that 

does  not  fit  the  hand  is  apt  to  tire  or  cramp 

the  hand. 

36.  Hand  Sledges. — A  hand  sledge, 
shown  in  Fig.  11,  is  a  little  larger  than 
the  hand  hammer.  It  weighs  from  5toJ^ 
pounds,  and  is  used  by  the  helper,  who 
holds  it  with  both  hands.  The  handle  is 
from  20  to  34  inches  long,  and  not  so 
slender,  in  proportion,  as  the  handle  of  the 
hand  hammer.  In  striking  with  the  hand  sledge,  the  helper 
holds  it  in  both  hands  and  strikes  a  shoulder  blow,  that  is, 
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raises  the  head  of  the  sledge  to  the  shoulder  and  strikes 
)m  this  position. 

37.     Saving  Sledge. — The  swing  sledge,  one  form  of 

which  is  shown  in  Fig.  12,  weighs 
from  8  to  20  pounds,  or  more.  The 
handle  is  about  3  feet  long.  In  using 
the  swing  sledge,  the  helper  grasps 
the  handle  near  the  end  with  both 
hands,  and  strikes  a  full-arm-swing 
blow.  This  is  for  striking  a  heavy 
blow.  The  swing  sledge  is  also  made 
in  the  form  shown  in  Fig.  11. 


38*     Ball-Peen  H  a  m  m  e  r. — 

The  ball-peen,  or  chipping,  hammer, 
shown  in  Fig.  10  (a),  is  a  hand  ham- 
mer that  has  the  peen  in  the  shape 
of  a  ball.  The  peen  is  used  in  rivet- 
ing, or  where  it  is  required  to  stretch 
the  metal  in  length  and  width,  or 
for  working  in  a  hollow. 


6 

fX4 


39.     Cross-Peen     Hammer. — 

The  cross-peen  hammer,  shown  in 
Fig.  10  (6),  is  used  when  it  is  re- 
quired to  stretch  the  metal  length- 
wise, but  not  crosswise.  The  cross- 
peen  hand  hammer  is  also  used  for 
riveting. 


40*  Long-  or  Straight-Peen 
Hammer.  —  The  long-peen  or 
straight-peen  hammer,  shown  in 
Fig.  10  (r),  is  used  when  the  metal  is 
to  be  spread  sidewise. 

The  hammers  are  made  of  differ- 
t  weights,  and  are  selected  to  suit  the  work  and  the 
ength  of  the  smith;  a  good  set  of  hand  hammers  consists 


18  RLACKSMITHING  AND  FORGING.  §41 

of  a   1-pound   ball-pcen,  a    IJ-pound  straight-pecn,  and  a 
2-pound  cross-peen  hammer. 

41.  Material  Employed  for  Hammers. — Hammers 
were  formerly  made  of  iron  or  mild  steel  and  faced  with  tool 
steel.  If  the  whole  head  is  made  of  tool  steel,  it  is  liable  to 
chip  and  crack,  but  with  a  soft  backing  this  is  avoided  tea 
great  extent.  Hammers  made  entirely  of  a  special  cast 
steel,  called  hammer  steel,  are  much  used  and  give  good 
satisfaction. 

42.  Hammer  Handlen. — Care  should  be  taken  to  see 
that  hammer  or  sledge  handles  are  perpendicular  to  the 
head,  so  that  the  blow  will  fall  square  and  flat,  and  not  on 
an  edge.  The  handle  should  be  well  formed,  elliptical  in 
section,  and  a  little  thinner  toward  the  head.  It  should  be 
made  permanent,  not  a  makeshift  affair,  for  the  smith  as 
well  as  the  helper  soon  accustoms  himself  to  the  hammer, 
and  when  used  to  it  knows  just  what  effect  a  blow  will  have. 
A  loose  hammer  head  is  dangerous. 


SET    HAMMKRS. 

43.  General  Description. — Besides  the  hammcrsmen- 

lioned  above,  there  are  »et  hammers,  which,  by  their 
shape,  help  to  form  the  iron  into  some  desired  shape  or  l<^ 
localize  the  effect  of  the  blow.  The  smith  holds  the  set 
hammer  down  ai^ainst  the  iron  while  the  helper  strikes  the 
top  of  the  set  hammer  with  the  sledge. 

44.  Square  Set  Hammers. — The  square  set  hammer, 
shown  in  Fig.  13  ((j),  is  used  to  produce  a  fiat  surface,  or  to 
make  a  square  shoulder  or  offset. 

46.  Flatter.— The  flatter,  shown  in  Fig.  13  (/>),  i^ 
used  like  the  square  set  hammer,  the  distinction  between 
the  two  being  that  the  flatter  has  a  larger  surface.  For 
this  reason,  the  Hatter  is  used  to  flatten  down  a  surface  in 
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finishing,  while  the  square  set  hammer  is  preferable  when  a 
square  shoulder  is  to  be  made  and  the  iron  well  driven  down. 


Pig.  13. 


46.  Fuller. — The  fuller,  shown  in  Fig.  14  (rt),  is  used 
in  spreading  out  the  iron.  On  account  of  its  shape,  the 
fuller  concentrates  the  force  of  the  sledge  blow  upon  a  small 
surface,  and,  therefore,  makes  it  more  effective  at  that  place. 


W 


(d) 


FlO.  14. 

The  fuller  spreads  the  iron  at  right  angles  to  the  working 
edge.  Its  action  is  the  same  as  that  of  the  cross-peen  or 
long-peen  hammer.  It  is  also  used  for  hollowing  out  work 
and  for  forming  a  shoulder  before  drawing  out. 

47.     Swage. — The  swage,  shown  in  Fig.  14  {d),  is  used 
for  rounding  iron,  each  swage  being  made  for  some  certain 
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size  of  round  iron.  An  assortment  of  three  or  four  swages 
is  generally  kept  on  hand. 

48.  Puncfac* Pig.  11  (c)  shows  a  square  punch,  and 

Fig.  14  {d)  shows  a  round  punch.  The  punch  ts  tapeHng, 
being  small  at  the  point  and  increasing  in  size  toward  the 
back.  The  hole  is  punched  through  the  iron  by  driTtng 
the  punch  down  into  it.  The  hole  is  then  stretched  by  dri- 
ving the  punch  through  the  work  until  the  required  site  'u 
obtained. 

49.  Cutters. — A  cold  cutter  is  shown  in  Fig.  15  («), 
and  a  hot  cutter  in  Fig.  15  (#).  The 
cotd  cutter  is  heavy  and  strong  and  is 
ground  to  a  blunt  edge  so  as  to  bold  its 
edge  in  cutting  cold  iron.  The  hot 
cutter  is  drawn  out  thin  and  the  edge  a 
sharper  than  that  of  the  cold  cutter. 
The  cold  cutter  cuts,  and  at  the  sane 
time  wedges  the  edges  of  the  cut  apart, 
while  the  other  makes  the  cut  as  small 
as  possible  so  as  not  to  batter  up  the  cut 
ends.  The  cold  cutter  is  used  to  nick  Ihe 
iron  all  around,  so  that  it  can  be  broken. 


ANVIL,    TOOLS. 

SO.  similarity  to  Set  Hammera — There  areanum- 
ber  of  tools  made  to  fit  into  the  hardie  hole  that  correspond 
in  shape  to  the  set  hammers.  The  results  obtained  with 
them  are  simitar  to  

e  results  obtained 


Fuller.  —  Fi 

(a)  shows  a  bottom 
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fuller,  which,  like  the  top  fuller,  is  intended  to  spread  or 
stretch  the  iron.  The  shank  of  the  fuller  fits  in  the  hardie 
hole  of  the  anvil. 

52.  Bottom  Savage.  —  Fig.  16  {d)  shows  a  bottom 
swage  with  a  single  groove.  Bottom  swages  are  frequently 
made  with  two  or  three  grooves  of  different  sizes  in  the 
same  block. 

53.  Hardies. — The  hot  hardie  is  shown  in  Fig.  IG  (c), 
and  the  cold  hardie  in  Fig.  16  {d).  They  correspond  in 
shape  to  the  hot  and  cold  cutters,  the  hot  hardie 
being  slender  and  having  its  edge  ground  to  an 
acute  angle,  suitable  for  making  a  sharp  cut, 
while  the  cold  hardie  is  thicker  and  has  an  edge 
ground  blunt  so  as  to  adapt  it  for  nicking  and 
wedging  the  cut  apart. 

54.  Headins:  Tool. — The  heading  tool,  shown 
in  Fig.  17,  is  used  in  forming  heads  on  the  ends 
of  rods,  bars,  bolts,  and  similar  work.  The  hole 
through  the  head  may  be  circular  or  square.  There 
should  be  an  assortment  of  these  heading  tools  on 
hand  to  fit  the  various  sizes  of  iron  bars.  pio.  17. 


TONGS. 

Kinds  of  Tonjfs. — There  are  many  kinds  of  tongs 
in  use  for  holding  variously  shaped  pieces  of  iron.  A  few 
of  the  most  common  kinds  are  mentioned  below.  Special 
tongs  are  made  to  fit  special  cases,  and  it  is  frequently 
necessary  to  make  a  new  pair  or  to  alter  a  pair  to  fit  some 
oddly  shaped  piece  of  iron. 

56.  Parts  of  Tongs. — The  front  part  of  the  tongs  a, 
Fig.  18  (a),  which  holds  the  iron,  is  called  the  ja^u,  and  the 
handles  ^,  Fig.  18  {n)^  are  sometimes  called  nins.  An 
elliptic  ring  a.  Fig.  18  (^/),  called  the  coupler^  is  frequently 
slipped  over  the  handles  to  hold  the  work  tight,  and  thus 
relieve  the  hand  from  the  strain. 
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67.     Flat  Toiia:s. — Fig.  18  {a)  shows  a  pair  of  flat  tongs 
used  for  holding  flat  iron.     The  tongs  should  always  come 

together  close  against  the 
piece  of  iron  so  that  the 
jaws  are  parallel,  thus 
having  a  good  bearing 
when  holding  the  piece. 

58.  Plck-Up  Toii8> 

Fig.  18  {b)  shows  a  pair 
of  pick-up  tongs  used  for 
picking  up  pieces  of  iron, 
also  for  holding  small  pieces 
while  tempering,  etc.  The 
jaws  are  bent  to  give  them 
spring,  and  the  front  bend 
is  convenient  for  holding 
round  iron. 

59.  Bolt   Tong»-- 

Fig.  18  {c)  shows  a  pair  of 
bolt  tongs.  They  are 
made  for  holding  round 
iron,  and  have  a  pocket  a 
for  the  head  of  the  bolt. 

60.  Gad    ToiiKS.- 

The  gad  longs,  shown  in 
Fior.    18  (^/),   are  used  f^r 

liolding   flat  or  wcdge-shai)ed   pieces   that   have  a  head  ur 

larjre  end. 

61.  Care  of  Toiiks. — The  tongs  should  always  be 
hung  on  a  rack  to  keep  them  handy  and  avoid  their  being 
mislaid.  The  tonics  should  not  be  left  in  the  fire  if  it  can 
be  avoided.  When  the  jaws  become  hot,  they  will  bend 
apart  and  must  be  ])ent  ])aek  before  they  can  be  used  again, 
and  besides,  they  must  be  dipped  into  the  water,  and  this 
constant  dipping  sjioils  the  iron  and  makes  it  brittle. 
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AUXIMARV  TOOLS. 

Olen. — Dies  are  tools  used  for  forming  iron  into 
shapes.      The  set  hammers  and  anvil  tools  tended  iu 
this  direction,  but  the  die  is  a  block  of  iron  or  steel  cut  out 


62. 


[n  such  a  way  that  the  iron  may  be  pressed  or  hammered 
into  it,  iind  thus  talte  the  shape  of  the  hole.  For  con- 
venience, the  two  blocks  are  often  set  into  frames  c 
fcy  a  spring,  as  shown  in 
Fig.  19.  This  holds  the  two 
blocks  in  position  and  sep- 
krates  them  as  soon  as  the 
batnmer  ia  raised  from  the 
A  dowel-pin  s  may  be 
^Ut  into  the  die  or  a  guide  ^ 


■  C  on  the  handles,  as  shown;  either  one  will  insure  that 
e  die  blocks  meet  properly.  Dies  are  generally  used 
ider  a  steam  or  power  hammer,  though  some  small  dies 
c  made  for  use  on  the  anvil.  Such  dies  are  really  only 
BCUl  swages. 

S.  i'vi.  iy.-37. 
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63.  Swaffc  Block* — Pigs.  iO  and  21  show  two  forms 
of  swage  blocks.  These  blocks  have  variously  shaped 
grooves  and  holes  cut  into  them,  aud  are  used  like  a  swage, 
or  as  a  heading  tool,  and  for  similar  work.  They  are  really 
simple  forms  of  dies.  Fig.  21  shows  a  swage  block  on  a 
stand.  The  grooves  /i,  A  in  the  edges  are  used  for  forming 
hexagonal  beads  and  nuts  of  various  sizes.     (See  Art.  83.) 


THE   VISE. 


Vise  AND  BBHcn  Tboi.a. 
64.     DeBcrlptlon  of  Vise. — The  vise  is  a  tool  in  whidi 
the  work  is  held  securely  for  bending,  twisting,  chipping, 
tiling,  etc.     The  blacksmith's  vise  shown  in   Fig.  22  is  of 
the  design  called  the  U^  vise.     The  leg  rests  on  a  solid 
block  on  the  floor,  while 
the  body   is  secured  to 
the   bench   with  bolts 
through  the  strap  x 
The   vise    is    made  cf 
wrought    iron    and  has 
hardened -steel   jass. 
The  screw  has  a  square 
thread    and    should  be 
oiled  occasionally.    The 
top  of  the  vise  should  be 
set  at  elbow  height;  this 
will  be  found  most  con- 
venient   for    fihng  and 
chipping. 

65.     Copp«r  Jaws- 

A  very  necessary  part  of 
the  vise  is  a  pair  of  cop- 
per  jaws.     These  are 
''"•^  made  of    heavy  sheet 

copper,  Fig.  2:),  formed  to  fit  over  and  between  the  jaws  of 
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the  vise.  They  protect  the  work  from  being  bruised  by  the 
steel  jaws  as  would  be  the  case  if  it  was  clamped  between 
the  bare  jaws.  Besides  this  they  protect  the  jaws  of  the 
vise,  for  it  is  often  necessary  to  clamp 
hot  pieces  of  iron  in  the  vise.  This 
would  draw  the  temper  out  of  the 
jaws  if  they  came  in  direct  contact 
with  it.  To  make  them  more  efficient 
for  this  purpose,  pieces  of  asbestos 
paper  are  kept  on  hand,  which  fit  over 
the  vise  jaws  inside  the  copper  jaws.  ^"^  "*■ 

This  makes  the  insulation  very  good,  and  besides  protecting 
the  steel  jaws,  prevents  the  rapid  cooling  of  the  hot  iron  by 
contact  with  the  cold 
vise.  Sheet-iron  jaws 
are  often  used  for  hot 
work. 


66.     Surface 

Plate. — The    surface 

plate  is  a  plate  of  cast 

iron     1^     inches    or 

^"'-  •*■  2  inches  thick,  planed 

smooth  on  the  top  side.     This  is  used  for  testing  work,  to 

see  whether  it  is  straight,  and  to  detect  warp  or  wind.     It  is 

also  very   useful    in 

laying  out  work. 

The    surface    plate 

is    generally    placed 

on  a   small,   strong 

bench   so  as   to  be 

accessible   from   all 

sides,   as   shown    in 

Fig.   2-1.     It  should 

be  carefully  leveled 

and    then   secured 

in    position.     This 

makes  it  possible  to 
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test  work  on  it  by  means  of  a  level.     Large  surface  plates 
are  ribbed  on  the  back  to  make  them  stiffen 

67.  Surface  Gauffe. — Pig.  25  shows  a  surface  gauge 
that  is  used  to  scribe  a  line  on  the  piece  c.  This  tool  is  used 
on  the  surface  plate  to  draw  or  scribe  lines  parallel  to  the 
surface  of  the  plate.  The  sliding  collar  a  can  be  set  at  aoj 
height  on  the  vertical  standard  b^  and  the  needle  d  can  be 
clamped  into  any  position  on  this  collar. 

68«  Taps  and  Dies. — A  set  of  taps  and  dies  for  bolt 
sizes  from  \  inch  to  1  inch  and  a  stock  with  which  to  use 
them  will  be  found  useful  for  cutting  threads  of  bolts  and 
nuts. 

69«  Calipers. — Calipers  are  used  for  measuring  diam- 
eters, widths,  and  thicknesses.  Single  calipers  are  made  of 
two  pieces  of  sheet  steel  bent  to  the  required  shape  and 
put  together  with  a  rivet.     They  are  made  to  work  rather 


Fig.  26. 


Fig.  87. 


Stiffly  so  as  to  remain  wherever  set.  Fig.  26  {a)  shows  a 
pair  of  outside  calipers,  and  Fig.  20  (h)  shows  a  pair  of 
inside  calipers.  Fi^.  27  shows  a  pair  of  double  calipers  with 
which  two  sizes  can  be  taken  at  one  time,  as,  for  instance, 
the  width  and  thickness  of  a  forging. 


8  41 


BLACKSMITHING  AND  FORGING. 


27 


70.  Dividers. — The  dividers,  shown  in  Fig.  28,  are 
used  for  measuring  the  distance  between  two  points  and  for 
describing  circles.  The  points  are  clamped  by  means  of  a 
thumbscrew  /,  which  sets  against 
the  wing  w,  and  the  finer  adjust- 
ments are  made  by  means  of  the 
thumb  nut »;.  The  points  are  held 
apart  by  means  of  the  spring  s. 


FIRE    AND    OTHEU    TOOLS. 

71.     Fire  Tools.  — The    fol- 

lowing  fire  tools  should  be  pro- 
vided for  each  forge  :  A  poker. 
Fig.    2y   (ei).    which   is   a   rod   of  ri.,.H. 

iron  about  {  inch  in  diameter  and  20  inches  long,  with  a 
handle   at  one  end;   the   fire  hook,   Fig.   29  {^),   which  is 


(L^Jm^ 


(ts^-i* 


^^ 


t^5?- 


similar  to  the  poker,  but  has  a  hook  bent  on  one  end;  the 

shovel.  Fig.  23  (c),  has  a  sheet-iron  blade  and  a  long  handle; 

e  sprinkler.   Fig.  20   (</), 

consists  of  a  funncl-sha|>cd 

j>icce  of    tin    with   a  small 

hole  in  the  bottom,  fastened 

"'o'o-  to  an  iron  rod  f<.r  a  handle. 

This  is  used  for  cooling  i>arts  of  a  piece  of  iron  and  for 
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keeping  the  fire  from  spreading.     The  ladle,  Pig.  30,  is  used 
for  melting  soft  metals,  fluxes,  etc. 

72*  Marlclnfc*  —  A  piece  of  soap- 
stone  or  a  soapstone  pencil  is  generally 
used  for  marking  iron.  Soapstone  mark 
will  not  burn  off  and  are  plainly  visible 
when  the  iron  is  hot.  If  pieces  of  iron 
or  steel  are  to  be  cut  off  tbey  may  be 
marked  by  nicking  with  a  chisel,  cutter, 
or  hardie. 

73.    Otlicr  ToolA. — Several  monkey- 
wrenches  of  assorted  sizes,  and  several 
horseshoe  or  C  clamps,  like  that  shown 
pio.  n.  in  Fig.  31,  should  be  provided. 


THE  FIRE. 

74.  Startlnijr  and  Malntalnlnfc  tlie  Fire. — ^A  good 
way  to  start  the  fire  is  to  heap  coal  all  around  the  tuyere  to 
a  depth  of  2  or  3  inches,  leaving  the  tuyere  free.  A  handful 
of  shavings  or  some  oily  waste  is  set  on  fire  and  put  into  the 
pit  over  the  tuyere,  and  a  small  quantity  of  fuel  spread  over 
it.  The  blast  is  turned  on  very  lightly,  and  as  the  fire  burns 
up,  more  fuel  is  added.  If  coal  is  used  for  fuel,  it  is  well  to 
coke  a  quantity  of  it  before  putting  the  iron  into  the  fire. 
The  fire  is  kept  from  spreading  by  sprinkling  water  around 
the  edges.  The  fire  should  not  be  allowed  to  burn  too  low, 
because  this  makes  it  necessary  to  place  the  iron  nearer  the 
tuyere  and  brings  the  hot  iron  too  near  the  cold  blast.  For 
this  reason,  the  blast  must  always  have  a  good  bed  of  fire  to 
pass  through  before  coming  in  contact  with  the  iron  that  is 
being  heated.  The  hot  iron  should  not  come  in  contact 
with  fresh  coal,  but  the  loss  by  combustion  should  be 
replenished  by  bringing  coke  from  the  top  and  sides  of  the 
fire  toward  the  center,  and  adding  the  fresh  fuel  on  the  out- 
side of  the  heap,  where  it  can  coke  slowly.     The  fire  must 
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always  be  kept  clean,  all  cinders,  ashes,  scraps  of  iron,  etc., 
being  removed. 

A  conical  block  of  wood  is  sometimes  used  to  build  the  fire. 
The  block  is  put  over  the  tuyere  with  the  small  end  down, 
and  the  coal  packed  about  it.  The  block  is  then  taken  out 
and  shavings  put  into  its  place,  and  the  fire  started. 

7S.  Clatutlflcatlon  of  Fires. — The  fire  may  be  maiii- 
tained  either  open  or  holloiu.  In  the  open  fire,  the  com- 
bustion takes  place  on  top  of  the  heap  over  the  tuyere; 
while  in  the  hollow  fire,  a  section  of  which  is  shown  in 
Pig.   it3,  the  combustion  takes  place  inside,  the   top  being 


roofed  over  with  coke  and  coal.  A  hole  is  left  in  front 
for  the  iron.  This  form  of  fire  is  much  hotter,  as  the 
hot  roof  radiates  heat  as  well  as  the  hot  sides  and  bottom. 
It  also  heats  the  iron  more  evenly  and  lessens  the  chilling 
by  contact  with  the  outside  air. 

76.      HoldlnE  the  Fire If  the  fire  is  not  to  be  used 

for  some  time,  it  may  lie  held  by  juittinjj  a  stick  of  hard 
wood  into  the  fire  and  pounding  the  fuel  down  around 
it.  The  blast  is  then  turned  on  gently  fur  a  few  moments 
to  liven  it  np  well.  After  this,  it  may  be  left  without  a 
blast  for  an  hour  or  more,  and  ran  be  restarted  liy  turn- 
ing on  the  blast  until  well  kindled.  The  ashes  and  cinders 
are  then  raked  out,  blown  out  with  the  blast,  or  dropped 
through  the  tuyere  into  the  cinder  pit. 
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HEATING  AND  ITS  EFFECTS. 

77.  Names  of  the  Differeiit  Heats. — If  the  end  of  a 

* 

bar  of  ^-inch  round  iron  about  2  feet  long  is  heated,  it  can 
be  made  to  pass  through  all  the  different  stages  from 
normal  temperature  to  a  burning  heat.  If  the  heating  is 
done  slowly,  the  different  heats  can  be  watched  and  noted 
After  it  has  been  in  the  fire  a  short  while,  the  iron  will  be 
found  to  be  just  hot  enough  to  show  its  heat  in  a  dark 
place,  as  under  the  forge  or  in  the  hood.  This  is  called 
d/aci  hot  or  black  red.  If  it  is  put  back  into  the  fire  and 
the  heating  continued  a  little  longer,  it  will  become  hot 
enough  to  show  its  heat  by  the  light  of  the  forge  or  in  day- 
light; this  is  designated  as  dull  red.  If  it  is  heated  more, 
it  becomes  bright  red  or  cherry  red^  and  if  it  is  heated  stiJl. 
more,  so  that  it  begins  to  throw  sparks,  it  is  known  as 
white  hot.  After  this  it  begins  to  burn ;  sparks  fly  off  in 
great  numbers  and  drops  of  molten  iron  fall  from  it;  it  has 
been  overheated  or  burned.  By  letting  a  piece  of  iron  pass 
through  these  various  heats  the  eye  will  learn  to  recogniie 
them. 

78.  Hammering  Iron  While  Hot. — If  the  iron,  while 
burning^  is  brought  from  the  fire  and  laid  upon  the  anvil, 
and  the  heated  portion  hammered  vigorously  for  a  while, 
the  end  will  crumble  and  fly  off;  but  a  little  distance  back 
from  the  end  it  will  flatten,  while  a  little  farther  back  from 
this,  at  the  end  of  the  heat,  it  will  not  flatten  very  much. 
If  the  hammering  is  continued  until  the  iron  is  black  hot, 
but  no  longer,  the  end  will  have  been  drawn  out  in  the  form 
of  a  wedge. 

79.  Hammering  Cold  Iron. — If  the  piece  is  allowed 
to  cool  off  and  is  then  hammered  immediately  back  of  the 
wedge,  keeping  it  round  but  reducing  it  in  size,  it  will  be- 
come hot.  This  shows  that  hammering  heats  the  iron. 
The  faster  the  blows  fall,  the  hotter  it  will  become.  For 
this  reason,  hot  iron  should  always  be  worked  as  rapidly  as 
possible,  to  get  as  much  benefit  from  the  heat  as  possible, 
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and  to  produce  heat  to  counteract  the  chilling  effect  of  the 
cold  hammer  and  anvil. 

80«  Results. — When  cold,  the  piece  presents  an  inter- 
esting appearance.  At  the  end  where  it  was  burned  it  will 
be  found  to  be  cracked  and  ragged ;  back  of  this  it  is  covered 
with  scale;  then  comes  a  clear,  smooth  part  extending  back 
to  the  round  part.  This  shows  that  the  bright  red  heat  is 
the  best  heat  to  work  iron  at,  stopping  when  black  hot. 
Iron  is  sometimes  hammered  below  a  black  heat  in  order  to 
give  it  a  smooth,  glossy  surface.  This  tends  to  stretch  the 
outer  surface  of  the  metal  and  thereby  often  causes  it  to  scale 
off  or  blister.  Besides  this,  in  small  work,  the  fibers  of  the 
iron  are  very  liable  to  become  separated  at  the  center  of  the 
piece  and  thus  make  the  work  defective.  This  can  seldom 
be  detected  on  the  outside,  but  by  bending  the  piece  in  a 
vise  until  it  breaks,  the  effect  of  cold  hammering  becomes 
very  plainly  visible. 

If  the  piece  that  has  been  hammered  cold  is  put  into  the 
vise  and  bent  to  and  fro  until  it  breaks,  the  probabilities 
are  that  it  will  sliver  and  crack  before  it  breaks  off,  because 
the  fibers  have  been  separated  by  hammering  it  cold.  At 
this  point  it  is  well  to  examine  the  grain,  for  much  of  the 
nature  of  iron  can  be  learned  from  the  appearance  of  the 
grain.  If  the  piece  broken  off  is  clamped  in  the  vise  and 
tried  with  an  old  file,  it  will  be  found  that  the  point  of  the 
wedge  is  very  hard,  a  little  farther  back  it  has  a  hard  scale 
that  can  be  scraped  off,  and  below  this  the  iron  is  soft;  back 
of  this  the  iron  is  soft,  but  where  it  has  been  hammered  cold 
there  is  a  hard  scale  much  like  that  caused  by  burning  the 
point. 


WORKING    FORCE. 

81  •  Single-Hand  Work. — On  light  work,  the  smith 
often  works  alone  at  the  fire;  especially  when  his  work  does 
not  require  the  use  of  set  hammers,  which  necessitate  the 
help  of  a  striker. 
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82.  Tlie  Helper. — ^When  the  work  is  lights  one  helper 
strikes  for  several  smiths.     The  smith  that  wants  the  helper 
rings  his  hammer  on  the  anvil  to  call  him.     When  not  stri- 
king for  one  of  the  smiths,  he  has  some  floor  or  bench  job  to 
go  back  to.     Ordinarily,  however,  every  smith  has  a  helper. 
The  helper  does  the  striking  and  works  the  bellows  or  the 
hand  or  foot  power  blower  if  the  blast  is  produced  by  such 
means.     He  starts  the  fire  and  looks  after  the  tools.    When 
a  smith   has  very  large  work,  he  frequently   has  several 
helpers  to  strike  for  him ;  besides  this,  it  often  requires  one 
or  more  to  help  him  handle  the  iron.     When  a  smith  has 
several  helpers,  the  one  that  attends  to  the  fire  or  furnace  is 
called  the  heater. 

In  handling  iron  in  a  hot  fire,  smiths  frequently  dip  their 
hands  and  arms  into  water  before  approaching  the  fire. 
The  evaporation  of  the  water  keeps  the  arms  cool,  and 
thereby  makes  it  possible  to  approach  closer  to  the  fire  than 
would  be  possible  if  the  arms  were  dry. 

83.  Cones  or  Tapered  Mandrels.  —  For  forming 
rings  and  eyes,  the  cone  or  tapered  mandrel  shown  in  Fig.  33 

is  used.     It  is  made  of  cast  iron  and  may  be  in 

a  single  piece  or  the  upper  portion  of  it  maybe 

separate  and  secured  to  the  lower  portion  by  a  pin 

on  the  upper  portion  which  fits  a  socket  in  the 

lower  portion.     The  main  body  a  is  given  a  plain 

smooth   taper.      Most  cones  are  provided  with  a 

groove  b  at  one  side,  which  enables  the  smith  to 

grasp  the  work  with  a  pair  of  tongs  while  it  is  on 

the  cone;  or  in  the  case  of  a  ring  attached  to  a 

chain  or  an  eye  on  a  ring,  the  link  or  eye  is  taken 

Fig.  33.    Qixr^  of  by  the  groove  b.     The  upper  end  c  is  from 

2  to  3  inches  in  diameter,  depending  on   the  size  of  the 

cone,    and    the    lower   end    ordinarily   varies    from  10  to 

1*4  inches. 
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FORGING  OPERATIONS. 


EXAMPLES  OF  FORGING. 

!•  General  Consideration. — Operations  that  are  in 
constant  use  in  blacksmithing  and  that  are  necessary  in 
most  jobs  will  now  be  described.  For  this  purpose,  specific 
cases  are  taken  to  illustrate  the  methods;  but  it  must  be 
borne  in  mind  that  the  same  methods  can  be  applied  to  all 
similar  work  with  the  modifications  in  dimensions  and  other 
such  features  made  necessary  by  the  special  case  in  hand. 


DRAIVIKG. 

2.  Round  Dra-wing. — Drawing  is  the  process  of 
stretching  a  piece  of  iron  in  one  or  two  directions.  Draw- 
ing a  bar  of  round  iron  out  to  a  smaller  diameter  is  prob- 
ably one  of  the  easiest  forms  of  drawing.  If  a  bar  is  to  be 
drawn  out,  the  portion  to  be  drawn  is  marked  with  the  soap- 
stone  and  then  heated  carefully  to  a  bright-red  or  to  a  weld- 
ing heat.  While  the  iron  is  being  heated,  the  calipers  are 
set  to  the  required  size.  When  the  bar  is  hot,  it  is  taken 
from  the  fire  with  the  left  hand,  holding  it  by  the  cold  end, 
and  quickly  brought  to  the  anvil.  The  end  is  hammered 
rapidly,  turning  it  a  little  after  each  blow  and  keeping  it  as 
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nearly  round  as  possible.  If  necessary,  a  second  heal  is 
taken  and  the  piece  finished  with  the  hand  hammer  or  with 
a  swage,  as  shown  in  Fig.  1.  In  drawing  out  a  piece  of 
iron,  it  is  well  to  turn  it  from  left  to  right  and   then  from 


right  to  left,  hccause  turning  t  in  tht.  sat 
tinually  is  liable  to  twist  the  fibers  i  iti  tspiral  If  tiiciron 
is  to  be  reduced  much  in  size  it  sh  luld  be  drawn  square 
first,  then  octagonal,  and  then  i  c  undid  up  with  »  hjnd  ham- 
mer or  with  a  swage. 

3.  Face  of  the  Anvil  Constructed  for  nrnwlns  — 
The  face  nf  the  anvil  is  straight  lengthwise,  as  shown  [ru" 
a  to  d,  Fig.  3,  but  it  is  slightly  crowned  crosswise  from  i 
to  c,  as  shown  somewhat  exaggerated.  If  the  face  of  lh« 
anvil  were  perfectly   flat,   a   straight   piece   of   iron  would 


§42 


BLACKSMITHING   AND   FORGING. 


show  a  tendency  to  curl  upwards  while  being  worked,  and 
unless  it  was  held  perfectly  flat  on  the  anvil  it  would  sting 
the  hand,  and,  be- 
sides, there  would  be 
danger  of  nicking  it 
where  it  rests  on  the 
edge;  with  a  face 
crowned  in  one  di- 
rection, however, 
this  is  avoided.  Be- 
sides this,  hammer- 
ing a  piece  of  iron  on 
the  crowning  face  localizes  the  effect  of  the  blow  and  acts 
to  a  certain  extent  like  the  bottom  fuller. 

If  a  piece  is  to  be  drawn   lengthwise,  it  should  be  held 


Fig.  2. 


Fig.  3. 


across  the  face  of  the  anvil,  as  shown  in  Fig.  3,  whereas  if 
it  is  to  be  spread  in  width,  it  should  be  held  lengthwise  on 


Fig.  4. 


the  anvil,  as  shown  in  Fig.  4.  If  a  rod  is  to  be  straightened, 
it  should  be  laid  lengthwise,  as  shown  in  Fig.  4,  because  the 
anvil  is  straight  in  this  direction. 
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4.  Preparation  of  Stock. — If  a  staple  such  as  » 
shown  in  Pig.  fi  is  to  be  made  out  of  a  piece  of  ^inch  roand 
iron,  the  required  length  is  first  marked  ofE  on  the  bar.  In 
drawing  ^inch  iron  down  to  i  inch,  it  will  draw  out  to 
4  times  the  original  length.  To  make  6  inches  of  ^tnch 
round  iron  will  therefore  require  J  of  6  inches,  or  IJ  locba 
of  ^-inch  round  iron.  A  distance  of  I^  inches  is  therefon 
marked  off  from  the  end  of  the  ^-inch  bar,  and  drawn  ost 
to  ^  inch  round.  When  it  is  nearly  down  to  the  required 
size,  it  is  heated  a  second  time,  and  finished  to  the  exact 
size,  using  the  swage  as  shown  in  Pig.  1,  and  trying  it  vitb 
the  calipers  in  order  to  make  sure  of  the  sixe. 


fri\ 


S.  Forging. — The  ^inch  round  end  will  now  be  about 
5  inches  long.  On  this,  a  distance  of  1  inch  from  the  end  is 
marked  off,  the  end  heated,  and  drawn  out  to  a  square  pwnt 
IJ  inches  long.  This  piece  is  then  cut  off  from  the  ba. 
using  tlie  bardie  as  shown  in  Fig.  6,  and  making  the  pi«« 
5i  inches  long,  over  all.  The  other  end  is  marked  and 
drawn  out  to  a  point  the  same  as  the  first,  keeping  both 
squares  in  line.      The  piece  will  now  be  about  6J  inche 
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long,  ^  inch  round  in  the  center,  with  a  square,  tapering  point 
1 J  inches  long  at  each  end.  The  center  of  the  piece  is  then 
marked  and  heated,  and  the  piece  bent  over  the  horn  of  the 
anvil  to  the  shape  shown  in  Fig.  5,  making  the  distance  be- 
tween the  two  straight,  parallel  ends  J  inch.  In  bending 
over  the  horn  of  the  anvil  the  piece  is  held  against  the  large 
part  of  the  horn  and  bent  by  light  hammer  blows,  turning 
it  to  keep  it  round;  then  while  hammering  it  the  piece  is 
gradually  brought  toward  the  point  of  the  horn.  When  bent, 
the  curve  should  be  uniform  and  the  two  ends  of  the  same 
length.  If  it  is  warped  or  twisted,  it  is  flattened  on  the 
anvil  with  the  flatter  shown  in  Fig.  13  (/;),  Blacksmithing 
and  Forging^  Part  1. 


SQUARE  DRAWIIVG. 

6«  Holding  Work  and  Striking  Blows.  — In  round 
drawing,  the  iron  is  turned  a  very  little  at  a  time,  so  as  to 
bring  all  points  under  the  hammer.  In  square  drawing, 
however,  the  iron  must  always  be  turned  quarter  or  half 
way  around.  This  requires  some  practice,  as  the  least  va- 
riation in  the  amount  of  the  turn  will  bring  the  piece  out  of 


Fig.  7. 


square.  In  drawing  a  square  bar  down  to  a  square  of  smaller 
size,  the  sides  of  the  original  bar  help  to  guide  the  hand  in 
making  the  proper  amount  of  turn,  but  if  a  round  bar  is  to 
be  drawn  down  to  a  square,  the  amount  of  turn  must  be 
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entirely  governed  by  the  hand  and  the  eye  without  anything 
to  guide  it  or  to  give  opportunity  for  comparison. 

In  drawing  down  a  square  bar  to  a  square  of  smaller  sixe, 
the  piece  is  heated  and  brought  to  the  anvil,  holding  one  of 
the  faces  down  flat  and  striking  blows  square  upon  the  top 
face,  drawing  it  down  along  its  entire  length.  It  is  then 
turned  quarter  way  around  and  the  top  side  hammered  until 
the  piece  is  about  square.  The  opposite  face  is  then  turned 
up  and  hammered  and  finally  the  last  face  is  brought  under 
the  hammer.  The  figures  i,  2,  5,  4  in  Fig.  7  show  the 
order  in  which  the  faces  are  brought  under  the  hammer. 


Fig.  8. 


This  method  of  turninpf  the  work  lessens  the  liability  of  gel- 
ting  the  piece  twisted  or  diamond-shaped,  as  shown  in  Fig.  S. 
If  it  shows  a  tendency  in  this  direction,  it  can  easily  be  rem- 
edied by  a  few  judicious  blows,  holding  it  as  shown  in  Fig.  H. 
If  desired,  the  piece  can  be  finished  under  the  flatter.  It  is 
held  on  the  anvil  lengthwise  and  the  flatter  held  against  the 
upper  face  parallel  to  the  face  of  the  anvil,  while  the  helper 
strikes  a  few  light  blows. 


FORGIIVG    A  GATB  HOOK. 

7.  ForKing. — If  a  hook  like  the  one  shown  in  Fig.  9  is 
to  be  made  out  of  a  bar  of  ^-inch  square  iron,  the  operation 
will  be  about  as  follows.     As  it  will  take  about  4  inches  of 
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^-inch  square  stock  to  make  the  hook,  a  distance  of  1  inches 

is  marked  off  from  the  end.     This  p()rtion  is  heated  and 

drawn  out  until  it 

calipers  |  inch  ^~ 

square,    which    v 

make    it    abo 

5^  inches  long. 

distance  of  1}  inches 

is  then  marked  off 

from    the   end   and 

drawn  out  to  -j^  inch  round,  keeping  one  side  straight,  as 

shown  at  d,  Fig.  10.     The  shoulder  or  offset  /"is  formed  over 


the  sharp  edge  of  the  anvil,  as  shown  in  Fig.  11.  By  stri- 
king the  upper  side  with  the  hammer,  as  shown,  the  top  will 
remain  straight  at  d, 
after  which  it  can  be 
finished  with  the 
swage  to  make  it  per- 
fectly round.  A  dis- 
tance of  J  inch  is  then 
marked  off  on  the 
^-inch  end  and  the 
point  drawn  down 
round,  as  indicated 
by  the  dotted  lines. 
Fig.  10.  The  entire 
piece  is  then  cut  off 
"<»■  "■  from  the  bar  and  the 

other  end  of  the  f-inch  square  marked  off,  making  the 
distance  between  the  shoulders  2J  inches,  and  drawn  to 
J  inch  round,  as  shown  in  Fig.  10,  keeping  it  straight  at  e 
and  forming  a  shoulder  at  /f.     The  ^-inch  round  part  is  bent 

s.  vot.  iy.—s8. 
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r  the  horn  and  the  T^-incli  round  end  into  the 
hook,    as    shown    in 

,  Fig.  i;i. 

In     bending     the 
hook  and  the  ring, 
the  piece  is  held  with 
~*»  1  one  round  end  pro- 

F<o.  ta.  jecting  over  the  far- 

ther edge  of  the  anvil,  and  this  projecting  round  end  is 
bent  back  until  it  has  the 
shape  shown  in  Fig.  13. 
After  both  ends  have 
been  bent  in  this  way, 
the  ring  and  hook  are  bent 
over  the  horn  of  the  anvil 
by  light  hammer  blows. 

8,  TwiHtliiff.  —  Dis- 
tances of  J  inch  are  now 
marked  off  on  the  square 
part  from  the  shoulders/ 
and  h,  giving  the  points 
k  and  /»,  Fig.  13.  The 
portion  hetwoen  these 
marks  /■  and  /  is  then 
brought  to  an  even  heat 
and  twisted.     To  do  this. 
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the  piece  is  clamped  in  the  vise  vertically  by  the  hook  end, 
as  shown  in  Fig.  U,  with  the  point  k  at  the  top  edge  of  the 
vise  jaw,  and  the  monkeywreiich  is  clamped  to  the  ring  end 
tmmedi:itely  above  the  point  /.  The  wrench  is  then  given  a 
complete  turn,  twisting  the  square  part  as  shown  in  Fig.  !t. 
If  it  has  become  bent  It  may  be  straightened  by  hammering 
it  between  two  blocks  of  wood  on  the  anvil  so  as  to  avoid 
battering  the  sharp  edges, 

VnSKTTlNG. 

9.  Definition. — Upsetting  is  the  term  applied  to  the 
operation  of  increasing  the  thickness  of  a  piece  of  iron  by 
shortening  it.  In  order  to  confine  the  heat  to  the  portion 
that  is  to  be  upset,  the  rest  of  the  bar  is  cooled  by  pouring 
water  over  it  with  the 
sprinkler.  When  sufS- 
cietitly  heated,  the  piece 
is  brought  to  the  anvil 
and  upset  by  one  of  the 
following  methods. 

10.  RnmmlfiK.  — If 
the  bar  is  from  2  to  3  feet 
long,  and  is  to  be  upset  at 
the  end,  the  heated  end 
of  the  bar  is  rammed 
against  the  face  of  the 
anvil,  as  shown  in  Fig.  l.i. 
The  entire  force  of  the 
blow  is  concentrated  at 
the  hot  end  of  the  rod, 
tnd,  consequently,  drives 
Lbe  particles  of  iron  near 
the  end  together  in  the 
lirection  of  the  blow;   this!: 

It.     LTpsctttne  With  the    Hammer.- 
ihort  it  may  be  brought  to  the  anvil  with  a  pair  of  longs, 
IS  shown  in   Fig.  IG,  and  held  vertically  on  the  anvil  with 
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the  hoi  end  up  and  the  heated  eiid  hammered,  or  it  may 
be  held  vertically  on  the  anvil  with  ihe  hot  end  down  and 
the  blows  struck  on  top  of  the  cold  end.  By  the  last 
method,  the  heated  end  is  constantly  in  contact  with  the 
cold  face  of  the  anvil  and  wjU  therefore  cool  very  rapi 


The  result  is  that  the  bar  will  not  flare  and  spread  out  9 
much,  but  Ihii  bulge  will  extend  up  a  little  farther  tlun  I'J' 
the  other  methods.  The  same  methods  are  used  if  lb 
Upset  is  to  be  made  neartr  the  center  of  the  bar. 

12.  Precautions.— In  upsetting  a  bar,  it  frequently 
begins  to  bend  after  a  few  blows  have  been  struck.  If  this 
occurs,  the  piece  must  be  straightened  at  once,  f'jr  any 
blows  struck  endwise  on  a  bent  bar  will  not  have  much 
effect  ill  upsetting  ii,  but  will  only  bend  the  bar  more  and 
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make  the  straightening  all  the  harder.  For  upsetting,  a 
good  heat  is  required;  in  fact,  it  is  well  to  make  the  final 
heat  a  welding  heat,  because  upsetting  often  separates 
some  of  the  fibers,  and  by  taking  a  welding  heat  over  the 
piece  and  hammering  it  on  the  sides  a  little,  these  loose 
fibers  will  be  welded  together  again. 


MAKING    A  BOLT. 

13«  Forging. — If  a  ^-inch  bolt,  as  shown  in  Fig.  17,  is 
to  be  made  out  of  a  J-inch  iron  rod,  the  end  of  the  rod  is 
heated  and  upset.  When  enough  metal  has  been  upset  to 
form  the  head,  the  enlarged  end  is  heated  and  the  cold  end 
of  the  bar  passed  through  a  suitable  hole  in  the  swage  block. 
Fig.  20,  Blacksmithing  and  Forging,  Part  1,  or  through  the 
heading  tool,  Fig.  17,  B lac ksmit king  and  Forging,  Part  1, 
which  is  laid  over  the  hardie  hole  so  that  the  body  of  the 


FlO.  17. 

bolt  passes  through  it.  The  iron  is  then  hammered  down 
against  the  swage  block  or  heading  tool,  as  shown  in  Fig.  18, 
until  the  head  is  -f^  inch  thick.  It  is  then  driven  out  of  the 
heading  tool  and  the  square  head  formed  with  the  hand 
hammer.  The  bolt  is  then  put  back  into  the  heading  tool 
and  the  head  finished.  After  this  it  is  cut  off  to  the  desired 
length  and  the  burrs  hammered  down.  In  the  case  of  steel 
bolts,  it  is  best  to  draw  the  bolt  from  stock  large  enough 
to  form  the  head.  The  head  of  an  iron  bolt  may  be  formed 
by  upsetting  or  by  welding  on  a  ring. 

14.     Cutting  the   Thread.— When   cold,    the  bolt  is 
put  into  the  vise  and  a  thread  cut  on  it  with  the  ^-inch 
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die.  The  die  is  put  over  the  end  of  the  bolt  squarely  and 
E;iven  a  turn  under  a  steady  pressure;  when  the  thread  it 
caught,  the  die  is  examined  to  see  that  it  is  on  square.  U 
it  is,  the  thread  is  cut  down  about  half  a  thread  farther,  to 
give  it  a  good  hold.  Oil  or  soapsuds  must  then  be  applied 
to  lubricate  the  die  and  wash  out  the  chips.  After  this  the 
thread  is  cut  down  to  the  depth  of  the  die,  which  should 


then  be  backed  off  and  a  standard  nut  tried  over  the  thread 
to  make  sure  of  the  size.  If  the  nut  fits  properly,  the 
thread  is  cut  to  the  required  depth,  the  die  cleaned  out,  and 
the  chips  and  oil  cleaned  off  the  bolt;  this  may  be  accom- 
plished by  rapping  it  with  a  stick  of  wood.  When  the  nui 
dues  not  fit,  the  die  is  adjusted,  and  another  trial  made. 
Wh<:n  the  die  is  set  right,  the  standard  nut  need  not  be 
tried  on  the  next  bolt. 
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ANGLE  OR  CORNER  PIECE. 

15«  Stock  Required. — If  an  angle  like  the  one  shown 
in  Fig.  19  is  to  be  made  from  a  bar  of  ^-inch  round  iron, 
it  will  be  found  that 
the  ^-inch  round  bar 
will  draw  out  to  f-inch 
square  easily,  but  there 
will  not  be  enough  stock 
to  form  a  sharp  angle. 
For  this  reason,  the 
center  must  be  upset  to 
give  the  additional  stock 
required  for  the  corner. 

16.         ForfiriOfir.  It 

will    require    about 

7  inches  of  ^-inch  round  iron  to  make  the  bracket.     This  is 

cut  off  and  the  center  heated  and  upset  to  f  inch  diameter. 


FIG.  19. 


FlO.  80. 

The  two  ends  are  then  drawn  out  to  f  inch  square,  leaving 
the  center  large,  as  shown  in  Fig.  20. 

17.     Bendliifi:  and   Making:  Sharp   Corner. — The 

piece  is  bent  at  right  angles  in  the  center  by  sticking  one 
end  through  the  hardie  hole  down  to  the  heated  center  and 
then  bending  the  other  end  down  toward  the  anvil,  as 
shown  in  Fig.  21.  To  make  the  corner  sharp,  the  piece  is 
held  on  the  face  of  the  anvil,  as  shown  in  Fig.  22,  and 
the  angle  made  true,  making  the  iron  f  inch  square.  To  do 
this,  the  hammer  is  drawn  in  striking  the  blow,  as  shown 
by  the  arrow  in  Fig.  22;  this  draws  the  iron  toward  the 
corner.  The  piece  is  then  finished  with  the  flatter  and  the 
ends  cut  off  to  an  equal  length  on  the  hardie,  and  then 
squared  with  the  hammer.  The  stock  for  the  square  corner 
niay  be  obtained  by  bending  the  iron  and  then  welding  a 
wedge  in  at  the  corner. 
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UPSBTTINO,  BENDING,  AND  PCNCHINO  A  CHAIN  HOOK. 

16<  Preparation  of  Stoclc. — If  a  chain  hook,  as 
shown  in  Fig.  23,  is  to  be  made  from  a  bar  of  ^inch  round 
iron,  the  end  will  have  to  be  upset  to  gain  stock  for  the  eje 
of  the  hook.  If  1^  inches  of  the  end  is  shortened  to  1  inch, 
there  will  be  enough  to  make  it.  For  this  a  distance  (rf 
1}  inches  is  marked  off  from  the  end  of  a  bar  of  i-inch 


round  iron,  OJ  inches  long.  This  end  is  heated  and  upset 
as  shown  in  Fig,  16,  until  the  original  IJ-inch  length  is 
shortened  to  1  inch.  This  makes  the  piece  G  inches  long. 
The  piece  is  now  flattened  down  to  f  inch  inthickness, 
making  the  upset  portion  circular  and  about  1  inch  is 
diameter,  as  shown  in  Fig.  24. 
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19.     FormloB  the  Eye. — In  flattening  the  Upset  por- 
tion down  to  I  inch  in  thickness,  it  should  be  spread  side- 
/  wise  as  much  as  pos- 

sible. If  it  draws  out 
in  length,  it  may  be 
upset  a  little  in  a 
swage  or  heading  tool 
or  it  may  be  upset  on 


the  edge  of  the  anvil  as  shown  in  Fig,  25.  When  the  head 
has  been  formed,  it  is  heated  and  a  :i-inch  hole  put  through 
with  the  punch,  which  should  be  kept  cold  by  dipping  it 
before  and  after  punching  the  hole. 


20.  Punctalne  Hole  In  the  Eye. — The  hole  is  first 
started,  then  the  punch  is  held  aside  to  see  whether  it  Is  in 
the  center;  if  it  is,  the  punch  is  driven  down  well  and  the 
piece  turned  over  and  punched  from  the  other  side  where 
the  iron  shows  a  black  circular  sptjt.  The  core  is  driven 
out  through  the  hardie  hole  or  through  the  pritchel  hole. 

In  punching,  some  smiths  prefer  to  put  a  little  coal  or 
coke  dust  into  the  hole  after  it  has  been  started  and  then 
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finish  the  hole  by  driving  the  punch  on  top  of  the  coal  dust. 
This  keeps  the  point  of  the  punch  cool  and  prevents  it  from 

sticking  in  the  hole. 

21«  Flnlalilnflr 
tlie  Eye.— When 
the  hole  has  been 
punched,  the  eye  of 
the  hook  is  raised  to 
a  welding  heat  and 
worked  over  to  weld 
up  any  parted  fibers 
or  split  places.  For 
this,  the  punch  is  put 
into  the  hole  and  left 
there  while  hammer- 
ing the  eye.  The  punch  is  driven  down  occasionally  to 
keep  it  tight  ^  Ibis  will  spread  the  hole  to  about  finch  in 
diameter. 

22.  Bending  ttie  Hook. — After  this  the  corners  are 
rounded  and  the  hook  bent  into  the  required  shape  by 
holding  it  on  the  horn  of  the  anvil  and  striking  it  with  a 
light  hammer. 
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FORGING   ROD    STRAPS. 

23.  Forflritifir  a  Strap  WItbout  an  Excess  of  Met- 
al.— To  make  a  rod  strap  of  the  form  shown  in  Fig.  2G  {a\ 
select  stock  of  the  width  shown  at  a  in  Fig.  26  (b)  and 
deeper  than  ^  by  a  sufficient  amount  to  form  the  corners 
shown  at  b  in  Fig.  26  (r).  Draw  this  stock  to  the  form 
shown  in  Fig.  26  (^),  leaving  the  sides  slightly  thicker  at  c 
than  they  are  required  to  be  in  the  finished  strap,  as  they 
will  draw  in  the  bending,  and  being  careful  that  the  ham- 
mer leaves  no  ridges,  which  would  tend  to  start  cracks, 
called  gaulds,  in  the  corners,  that  become  deeper  as  the 
work  progresses.  Next,  take  the  stock  in  the  tongs,  and, 
holding  it  as  shown  in  Fig.  26  (^),  proceed  to  bend  it,  using 
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a  large  fuller  to  start  the  bend,  as  by  starting  in  this 
way  the  iron  is  not  cramped  at  the  corners.  Any  ridges  left 
by  the  hammer  may  be  taken  out  with  the  fuller  when  start- 
ing the  bend. 

After  the  bends  have  been  started  as  shown  in  Pig.  26  (</), 
place  the  stock  in  clamps,  or  hold  it  in  the  steam  hammer 
in  the  manner  shown  in  Pig.  26  (f).  This  may  be  done  by 
lowering  the  upper  die  d  on  the  upper  one  of  the  two  biocb 
d  and  r,  between  which  the  stock  is  held,  and  holding  it 
firmly  by  means  of  the  steam  pressure.  Next,  have  two 
helpers,  one  on  each  side,  strike  simultaneously  on  the  ends 
until  the  piece  has  the  form  shown  in  Pig.  26  {/).  Take  a 
heat  on  the  corner  by  placing  the  side  s  down  in  the  fire, 
and  by  using  the  flatter,  bring  the  side  to  the  shape  shown 
in  Fig.  26  (^),  and  repeat  this  on  the  other  comer  and  side. 
It  will  be  necessary  during  this  operation  to  use  the  flatter 
on  the  strap,  which  is  held  as  shown  in  Fig.  26  (A),  in  order 
to  keep  the  crown  of  the  proper  shape. 

24*     Forglns  a  Strap  WItti  an  Exeess  of  Metal 
and  Trimming. — Another  way  to  make  the  strap  is  to  use 
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wider  stock  and  to  bring  this  up  to  the  form  shown  in  Fig. 
27  {a).  The  sides  are  bent  in  the  same  manner  as  in  the 
operation  just  described,  and  the  strap  brought  to  shape  as 
before.     The  end  is  formed,  however,  by  cutting  off  the 
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excess  of  stock  that  has  been  allowed  there,  as  shown  by  the 
dotted  line  in  Fig.  27  (b).  This  method  involves  more 
machine  work  than  the  first. 

25.  Forflriniir  a  Strap  With  Dies.— There  is  still  an- 
other method  of  making  the  strap.  After  drawing  the  sides 
as  in  the  first  case,  bend  it  in  dies  a,  by  as  shown  in  Fig.  28  {a) 
and  Fig.  28  (*),  c,  d, 
representing  the  dies 
of  a  steam  hammer. 
By  this  last  method, 
time  is  saved  in  the 
bending;  but  the  cor- 
ners are  very  liable 
to  be  so  drawn  as  to 
strain  the  stock  and 
to  weaken  them. 


C 


3 


FORGING  A  ROCKER- 
ARM. 

26.  F  o  r  fir  i  n  fir 
Rocker- Arm  From 
One  Piece.  —  Take 
round  stock  that  is 
great  enough  in  di- 
ameter to  give,  when 
flattened,  the  dimen- 
sion at  a.  Fig.  29  {a), 
and  draw  it  to  the 
form  shown  in  Fig.  29  {b).  This  will  require  great  care, 
for  there  is  danger  that  the  dimension  c  may  be  made  too 
great,  or,  if  this  is  right,  that  the  dimension  b  may  be  too 
small.  Flatten  enough  of  one  end  to  form  the  arm  and 
draw  to  the  form  shown  in  Fig.  29  (r).  Make  the  dimen- 
sion dy  Fig.  29  (r),  to  correspond  to  d,  Fig.  29  (a).  In 
flattening  this  piece,  the  work  is  done  with  the  hammer, 
the  side  toward  which  the  stock  is  drawn  being  made  as  true 
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and  flat  as  possible  from  the  shoulder  to  the  end,  and  fors- 
ing  the  recess  at  ^by  the  use  of  the  fuller.  This  leaves  the 
projection  at  /,  on  the  end,  from  which  to  form  the  boss. 
Next  clamp  the  piece  firmly  near  one  shoulder  and  bend 
the  flattened  portion  down,  making  the  whole  piece  of  the 
form  shown  in  Pig.  SO  {d).  This  may  be  done  by  clampioK 
the  piece  between  the  hammer  dies  and  driving  the  aim 
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down  with  stedge  hammers.  Round  the  boss  as  shovnat 
at  /f.  Fig.  B9  (f),  first  shaping  to  the  form  shown  by  the 
dotted  lines. at ^,  Fig.  20  (r/),  and  then  rounding  to  form 
the  boss.  The  portion  outside  the  shoulder  on  the  other  end 
of  ilie  piece  is  treated  in  the  same  manner,  or  both  ends  mar 
he  flattened  and  notched  first,  and  then  bent.  Rocker- 
shafts  are  also  forged  by  welding  both  arms  to  the  shaft. 
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27.  Forflrinsr  Rocker-Arm  Wltti  Welded  Shoul- 
ders.— When  it  is  not  considered  desirable  to  use  stock  that 
is  large  enough  to  form  a  shoulder  of  the  required  size,  then 
the  shoulder  may  be  made  in  the  manner  indicated  in 
Fig.  29  {/).  The  rocker-arm  is  made  from  the  stock  at 
hand,  leaving  it  too  small  at  the  shoulders  and  the  arms 
near  the  shoulders.  A  separate  piece  of  stock  is  then  drawn 
to  the  form  shown  at  i  in  Fig.  29  (/).  This  is  then  bent 
to  fit  closely  around  the  shoulder  that  has  been  formed,  as 
shown  by  the  dotted  lines.  A  welding  heat  is  then  taken  in 
one  shoulder,  and  that  side  is  welded ;  this  is  repeated  on 
the  other  side.  The  subject  of  welding  will  now  be  taken 
up  in  detail.  After  both  shoulders  have  been  treated  in  this 
way,  the  whole  piece  is  gone  over  carefully  and  dressed  to 
shape. 

WELDING. 


GENERAL  CONSIDERATION  OF  WELDING. 

28.  Definition. — If  two  pieces  of  iron  are  raised  to  a 
welding  heat  (which  for  iron  is  a  white  heat,  at  which  it 
begins  to  flow)  and  their  surfaces  are  brought  in  contact 
and  pressed  or  hammered  together,  they  will  unite  so  as 
practically  to  form  one  piece  ;  this  is  called  ^-eldlng^. 

29.  Use  of  Welding:. — Each  of  the  pieces  treated  thus 
far  was  made  of  a  single  piece  of  iron.  Very  frequently, 
however,  it  would  be  inconvenient  or  impracticable  to  make 
the  forging  out  of  one  piece.  If  so,  several  pieces  are  welded 
together  and  the  forging  but/t  up.  Often  it  is  necessary  to 
join  the  two  ends  of  a  piece  of  iron,  as  in  making  a  ring,  or 
to  join  two  edges  of  a  sheet,  as  in  making  pipe ;  in  such  cases 
welding  is  generally  resorted  to. 

30.  Oxidation  of  Iron. — If  a  piece  of  iron  is  heated 
in  contact  with  air,  it  will  absorb  oxygen  from  the  air,  thus 
forming  a  scale  of  oxide  of  iron  on  the  surface.  The  hotter 
the  iron,  the  more  rapidly  this  scale  will  form.     This  scale 
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of  oxide  does  not  adhere  to  the  iron  very  firmly  and  cannot 
be  welded.  It  is  therefore  very  important  to  guard  against 
oxidation  of  the  surface  of  the  iron  if  a  weld  is  to  be  made, 
because  the  scale  of  oxide  will  lie  between  the  two  surfaces 
of  the  iron  and  prevent  them  from  coming  in  contact;  and 
under  those  conditions  it  will  not  squeexe  out  if  the  pieces 
are  pressed  and  hammered  together.  Two  methods  are 
employed  to  guard  against  the  oxidation;  both  are  based 
upon  some  means  of  protecting  the  hot  iron  from  contact 
with  the  oxygen  of  the  air. 

31.  Reduelng  Fire. — If  the  fire  is  a  reducing  fire, 
that  is,  if  all  oxygen  is  consumed  in  the  combustion,  then 
the  gases  coming  in  contact  with  the  iron  do  not  contain 
any  oxygen  that  can  unite  with  the  iron.  In  this  case  there 
is  nothing  to  oxidize,  and  the  iron  and  its  surface  will  re- 
main clean.  This  is  accomplished  in  the  closed  fire  by 
having  a  thick  bed  of  fire  for  the  air  to  pass  through 
before  coming  in  contact  with  the  iron  and  by  main- 
taining a  moderate  blast.  If,  however,  the  blast  passes 
through  a  thin  bed  of  fire  or  if  more  air  is  blown  through 
than  the  fire  needs,  the  unused  oxygen  will  oxidize  the  iron. 
Therefore,  a  thick  bed  of  fire  should  always  be  maintained 
and  the  blast  regulated  so  as  to  supply  just  enough  air  and 
not  too  much. 

32.  Protective  Coating. — The  other  method  is  to  coat 
the  surface  of  the  iron  with  some  substance  that  will  exclude 
the  air.  The  substance  used  for  this  coating  must  possess 
certain  qualities  in  order  to  answer  the  purpose.  It  must,  of 
course,  contain  no  oxygen  that  would  unite  with  the  iron.  It 
must  become  fluid  at  a  heat  below  the  welding  heat  of  iron 
and  still  not  become  too  fluid  at  the  welding  heat;  for  if  it 
became  too  fluid,  it  would  run  off.  and  leave  the  iron  exposed 
as  before. 

33.  Fluxes  for  Iron. — Substances  used  for  this  purpose 
are  called  fluxes.  Strictly  speaking,  most  of  them  form  a 
fusible  mixture  or  slag,  with  the  iron  oxide,  which  offers  the 
desired  protection  to  the  iron,  but  they  use  up  some  of  the 
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iron  to  form  the  slag,  therefore  wasting  iron.  The  slag  is  so 
liquid  that  it  squeezes  out  from  between  the  surfaces  of  the 
pieces  being  welded,  thus  leaving  clean  iron  to  be  welded 
together.  There  are  many  fluxes;  some  of  them  will  be 
described  in  connection  with  work  for  which  they  are  best 
suited.  The  most  common  flux  for  iron  is  clean,  sharp  sand ; 
this  fuses  readily  on  the  surface  of  the  iron  and  sticks  to  it 
during  the  heat,  thus  excluding  the  air.  A  very  good  flux 
for  iron,  but  one  that  cannot  be  used  on  steel  because  it 
would  draw  the  carbon  out  of  it,  can  be  made  by  mixing 
2  ounces  of  calcined  borax  and  1  ounce  of  sal  ammoniac. 
Iron  is  frequently  welded  without  any  flux. 

34.  Fluxes  for  Iron  and  Steel. — Sand  and  borax 
are  very  good  fluxes  for  iron  alone;  but  it  is  well  to  have  a 
flux  that  can  be  used  on  both  iron  and  steel.  A  very  good 
flux  for  this  purpose  is  made  of  potter's  clay,  wet  with  strong 
brine.  This  is  dried  and  powdered  and  used  like  sand  or 
borax.  Another  good  flux  that  makes  a  perfect  slag  with 
the  iron,  is  not  too  fluid,  and  does  not  injure  steel,  is  made 
by  mixing  3  ounces  of  pearlash  or  potash  (potassium  car- 
bonate, KJOO^  with  1  ounce  of  dry  clay.  This  is  heated  in 
an  iron  pot  and  when  hot,  4  ounces  of  calcined  borax  are 
added.     When  cold,  it  is  powdered  and  is  ready  for  use. 


CLASSIFICATION    OF    WELDS. 

The  different  kinds  of  welds  are  designated  accord- 
ing to  the  manner  in  which  the  contact  between  the  pieces  is 
made.  There  are  many  ways  in  which  this  may  be  done, 
and  the  selection  of  the  kind  of  weld  to  use  is  made  with 
reference  to  the  use  of  the  finished  object,  the  strains  it  is 
to  resist,  and  the  equipment  for  making  the  weld.  The  fol- 
lowing are  some  of  the  principal  kinds  of  welds:  Scarf 
tveld^  butt  weld,  lap  zueld,  and  cleft  weld,  all  of  which  will  be 
described  in  detail. 

36.     Scarf  Weld. — In  the  scarf  weld,   the  two  pieces 
are  scarfed,  that  is,  they  are  thinned  down,  as  shown  in  the 
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the  pieces  are  generally  joined  by  the  cleft  weld  shown  id 
Fig.  35.  One  of  the  pieces  a  is  upset  to  gain  width  and 
thickness,  and  is  then  split  open  on  the  end,  as  shown  at  a,  and 
the  two  cheeks  c  and  d  spread  apart;  the 
other  piece  is  then  scarfed  on  both  edges,  as 
shown  at  b.  In  welding  the  pieces,  they  are 
hammered  on  end  to  get  the  weld  to  stick 
and  then  hammered  on  the  edges  to  close 
the  weld.  The  pieces  should  be  so  formed 
that  the  weld  will  catch  first  at  the  point/ 
and  the  slag  be  forced  out  as  the  sides  ^ 
and  (^are  closed  down. 


41.  Bulldlntc  Up.  —  It  is  frequently  inconvenient  "r 
iinpracticalilc  tn  iiiaki;  u  forging  out  of  ;l  single  piece  because 
of  the  sliiipe  it  is  to  have.      In  such  ;i  case,  the  forging  is 


i>iiil(  up;  that  is, 
are    foru;ed    to    ihi 


approximate 


a  number  of  pieces  llial 
ihape    and   then   wcldd 
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together.     Fig.  36  shows  a  built-up  forging  in  which  the 
welds  are  designated  by  the  letters  tf,  a, 

42.  Fagoting:. — When  a  quantity  of  wrought  iron  in 
small  pieces,  such  as  scrap  iron,  turnings,  etc.,  is  welded  up 
into  a  slab  or  billet^  the  operation  is  called  fcigoting.  For 
this,  a  flat  piece  of  iron,  generally  fagoted  up  of  small 
pieces,  is  laid  on  a  board  and  the  pieces  of  scrap  iron  piled 
on  top  of  this,  making  a  firm  rectangular  pile  with  large 
pieces  around  the  outside  and  small  pieces  in  the  center,  or 
the  flat  piece  on  the  board  may  be  omitted,  as  shown  in 
Fig.  37.  It  is  then  heated  in  a  furnace  and  welded  under 
a  steam  or  a  machine  hammer. 


EXAMPLES  OF  WELDING. 


SCARF  IVELDING. 

43.  In  order  to  illustrate  some  of  the  applications  of  the 
scarf  weld,  a  few  simple  cases  in  addition  to  those  already 
given,  involving  the  various  principles  of  welding  in  gen- 
eral and  of  scarf  welding  in  particular,  will  be  described. 

44.  Corner  Plate.  —  If  a  corner  plate,  such  as  that 
shown  in  Fig.  38  (li),  is  to  be  made,  two  pieces  of  f '  x  \\' 
iron,  each  about  15  inches  long,  are  heated  at  one  end,  keep- 
ing one  of  them  near  the  edge  of  the  fire  so  as  to  heat  it 
slower  than  the  other.  When  one  is  hot  enough,  it  is- taken 
from  the  fire  and  the  end  upset  and  then  scarfed  as  shown 
in  Fig.  38  (p).  This  is  done  by' striking  it  and  at  the  same 
time  drawing  the  hammer  toward  the  hand,  as  shown  in 
Fig.  31,  in  order  to  draw  the  metal  that  way.  The  other 
piece  is  then  taken  from  the  fire,  upset  at  the  end,  and  one 
edge  scarfed  as  shown  in  Fig.  38  (r).  When  both  pieces  are 
ready,  they  are  put  into  the  fire  and  raised  to  a  bright-red 
heat,  turning  them  occasionally  to  get  the  heat  even.    They 
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are  dipped  into  the  flux  or  the  flux  sprinkled  over  their 
surface,  returned  to  the  fire  and  raised  to  a  good  irhite  heat 
on  the  scarfs.     Some  smiths  use  no  flux  in  welding  iron. 


45.  The  pieces  are  turned  occasionally  to  prevent  the 
slag  and  flus  from  dropping  off.  As  soon  as  both  pieces 
begin  to  approach  a  welding  heat,  the  blast  is  turned  on 
harder  in  order  to  raise  the  final  heat  rapidly,  and  if  it  is 
thought  necessary,  a  little  more  flux  is  thrown  on  the  pieces 
while  in  the  fire.  When  hot  enough,  the  pieces  are  brought 
to  the  anvil  and  put  together.  In  doing  this,  the  pieces  are 
held  against  the  anvil,  care  being  taken  not  to  touch  the  cold 
anvil  with  the  heated  portion.  When  in  line,  the  pieces  are 
brought  down  flush  on  the  anvil,  having  the  piece  in  the  right 
hand  below  the  one  in  the  left  hand,  so  that  the  left-hand 
piece  will  be  able  to  hold  the  other  down  while  the  right 
hand  does  the  hammering.  A  few  rapid  blows  will  mate 
the  pieces  stick;  they  are  then  turned  over  to  bring  the 
other  face  under  the  hammer. 
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The  form  of  the  scarf  should  always  be  such  that  the  cen- 
ter of  the  surfaces  to  be  welded  comes  in  contact  first;  this 
will  cause  the  slag  to  squeeze  out  as  the  pieces  are  hammered 
together.  As  soon  as  the  pieces  become  black  hot,  they  are 
reheated  and  the  weld  finished  up.  When  black  hot,  the 
piece  is  struck  against  the  horn  on  both  sides  to  make  sure 
that  the  weld  is  well  made.  A  good  weld  will  not  open  upon 
being  bent  and  then  straightened.  If  the  weld  is  good,  the 
corner  is  tried  with  a  try  square  and  finished  perfectly  sharp 
and  square,  on  the  edge  of  the  anvil,  as  shown  in  Fig.  38  (a). 
The  ends  are  then  cut  off,  making  each  5  inches  on  the  long 
edge.  When  cold  it  will  be  seen  that  the  weld  is  perfectly 
tight,  the  slag  having  all  been  squeezed  out  in  hammering. 

46.  T  Plat©.  —  AT  plate  like  the  one  shown  in 
Fig.  39  (a)  can  be  made  in  nearly  the  same  way.  The 
crosspiece  a  is  upset  in  the  center  and  the  edge  scarfed  as 
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(a) 


Fig.  89. 

shown  at  Fig.  39  (^),  and  the  piece  d  is  upset  and  scarfed  on 
one  end,  as  in  the  corner  plate.  When  both  pieces  have 
been  prepared,  they  are  heated,  fluxed,  and  welded  as  de- 
scribed in  the  construction  of  the  corner  plate. 

47.  Band  Rin^.  —  In  making  a  band  ring  like  the 
one  shown  in  Fig.  40  (^),  a  piece  of  f  X  1^*  iron, 
12  inches  long,  is  upset  at  both  ends.     The  ends  are  then 
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scarfed  on  opposite  sides,  as  shown  at  a  and  by  Fig.  40  {b\ 
The  iron  is  then  bent  into  the  form  of  the  desired  ring.  To 
do  this,  the  iron  is  heated  and  then  taken  from  the  fire  with 
the  tongs,  the  end  laid  across  the  horn  of  the  anvil,  and 
hammered  on  the  projecting  end,  moving  it  endwise  until 
it  is  bent  to  the  shape  shown  in  Fig.  40  (r),  the  faces  scarfed 
for  welding  being  in  position  for  welding,  but  about  \  inch 


v^ 


fci:: .  %v.  % K 


^ 


(h) 
Fig.  40. 

apart.  The  ends  are  next  heated  and  fluxed  and  then 
raised  to  a  welding  heat.  To  weld  the  ring,  it  is  brought 
to  the  anvil  and  slipped  over  the  horn  with  the  scarfed  ends 
on  the  upper  side  of  the  horn.  A  few  rapid  blows  with  the 
liaininer  will  make  the  we4d,  after  which  the  ring  is  trued 
up  so  as  to  make  it  perfectly  circular  and  to  make  the  iron 
of  tlie  required  width  and  thickness  throughout.  This  is 
(lone  over  the  horn  of  the  anvil. 

48.  A  very  good  way  of  bending  the  iron  for  a  band 
ring  or  a  similar  piece  is  to  bend  a  piece  of  -J^-inch  or  }-inch 
round  iron  into  a  U  shape,  as  shown  in  Fig.  41  {a).  This  is 
clamj)ed  in  the  vise  with  the  open  end  up,  and  the  iron  to 
be  bent  is  laid  between  the  two  projecting  ends  and  hent 
by  pressing  the  end  sidewise,  as  shown  in  Fig.  41  {b).     The 


g  43  BLACKSMITHING  AND  FORGING.  31 

iron  may  be  bent  either  hot  or  cold.  If  the  iron  is  thin  it 
is  preferable  to  bend  it  cold,  as  hot  bending  is  very  liable 
to  kink  it.  If  thin  iron  is  bent  hot  over  the  horn  of  the 
anvil,  the  jarring  from  the 
hammer  blows  is  apt  to  make 
the  projecting  end  sag  down 
and  lose  its  shape. 

49.  Ring  Hook. — A  ring 
hook  of  the  form  shown  in 
Fig.  43  (a)  may  be  scarf- 
welded  and  has,  in  its  con- 
struction, a  method  of  splitting 
stock  for  branch  pieces  that  is 
valuable  in  smithing  opera- 
tions. The  method  will  be 
illustrated  by  giving  the  de- 
tails of  construction  of  the 
piece  shown.  Fio. «. 

50.  Take  a  piece  of  Norway  iron  J  inch  square  and 
5  inches  long.  Make  a  mark  with  a  center  punch  2  inches 
from  one  end,  and  draw  it  out  round  to  6  inches  in  length, 
leaving  the  stock  of  the  form  shown  in  Fig.  43  (ii).  Next, 
with  a  punch  make  the  hole  shown  at  et  in  Fig.  43  (f), 
split  the  stock  out  to  the  end,  and  bend  the  branches  apart, 
as  shown.  Place  the  shank  in  a  heading  tool  and  bend  the 
branches  out,  in  the  manner  shown  in  Fig.  43  ('/).  During 
this  part  of  the  work,  great  care  must  be  taken  to  prevent 
cracks  from  starting  in  the  corners,  as  shown  at  d  in 
Fig.  42  ((/).  When  the  iron  has  closed  around  cracks 
started  in  this  way,  they  are  known  as  cold  shuts,  or  gaiilds, 
and  the  piece  is  likely  to  be  dangerously  weak  wheix  they 
occur.  They  may  be  avoided  by  removing  the  piece  from 
the  heading  tool  v/hen  the  branches  have  been  partially 
bent  out,  placing  it  over  the  round  corner  of  the  anvil,  and 
using  the  set  hammer  in  the  manner  indicated  in  Fig.  43  {e). 
The  branches  are  drawn  out  to  the  proper  dimensions, 
scarfed,  bent  to  the  ring  form,  and  welded  as  in  the  case  of 
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the  band  ring.  The  piece  is  held  in  the  tongs  by  the  ring 
while  the  hook  is  being  shaped.  No  special  directions  are 
needed  for  this  part  of  the  work,  as  it  is  similar  to  examples 
already  given.  The  finished  piece  should  be  sound,  show  no 
scarf  or  weld  marks,  and  agree  with  the  dimensions  of  the 
drawing. 

51.  Flat  Rlns«  —  In  making  a  flat  ring, ,  as  shown  in 
Fig.  43  (a),  a  piece  of  %'  X  li^  flat  iron,  14  inches  long, 
is  cut  off  and  heated.  Beginning  at  the  end  farthest  from 
the  tongs,  the  iron  is  bent  edgewise  over  the  horn  of  the 
anvil.  As  the  circumference  of  the  outside  circle  a  a  a 
of  the  ring  is  considerably  greater  than  the  circumference 
of  the  inner  circle  ^  ^  ^,  it  is  evident  that  the  iron  must  be 
upset  along  the  inner  edge  and  stretched  along  the  outer 
edge.     This  would  make  the  iron  thicker  than  f  inch  at 


i 


(a) 


(b) 
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the  inner  edge  and  thinner  along  the  outer.  Besides  this, 
the  iron  will  buckle  and  twist  in  bending  it.  By  hammer- 
ing it  flat  on  the  anvil,  using  the  flatter  if  desired,  the  iron 
can  be  kept  flat  and  brought  back  to  an  even  thickness. 
The  width  and  thickness  of  the  iron  should  be  frequently 
tried  with  the  calipers  and  should  not  be  allowed  to  get 
far  out  of  size.  When  bent,  the  iron  must  have  the  form 
shown  in  Fig.  43  {b)\  the  corners  must  be  cut  off  as  shown 
by  the  dotted  lines  d^  d.  After  this,  the  ends  are  scarfed 
and  the  iron  bent  on  the  anvil  as  shown  in  Fig.  44,  until 
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the  scarfs  overlap,  their  inner  surfaces  remaining  about 
^  inch  apart,  as  shown  in  Fig.  45.     The  heat  is  then  raised, 

the  weld  made,  and  the  riag 
finished  with  the  hammer. 
Many  smiths  scarf  the  ends 
of  the  ring  before  bending 
and  form  a  littFe  of  the 
bend  at  each  end  when  they 
form  the  scarf. 

52.    Forff  ins  a  Chain. 

In  making  a  chain  like  the 
one  shown  in  Fig.  46  {a), 
six  distances  of  3|  inches 
each  are  marked  off  on  a 
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Fig.  45. 


rod  of  ^-inch  round  iron,  29  inches  long.  These  marks  may 
be  put  on  with  soapstone  or  the  rod  may  be  nicked  on  the 
bardie.     One  end  of  the  rod  is  then  heated,  scarfed,  and  bent 


Fig.  46. 

to  shape,  as  shown  in  Fig.  4G  (d).  It  is  then  cut  off  obliquely 
at  the  first  mark,  as  shown  by  the  line  a  it';  this  makes  only 
a  single  scarf  necessary  on  each  weld.  The  link  is  then 
healed,  fluxed,  and  welded,  and  then  bent  into  the  proper 
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shape.  By  the  time  the  first  link  is  finished,  the  next  section 
of  the  rod  is  hot  enough  to  scarf  and  bend  into  shape.  The 
rod  being  cut  off  at  an  angle  makes  it  easy  to  scarf,  but  the 
hammer  must  be  drawn,  as  was  shown  in  Fig.  31,  in  order  to 
crowd  up  the  iron  at  the  large  end  of  the  scarf.  When  the 
second  link  is  ready  to  weld,  it  is  fluxed  and  the  heat  raised. 
When  at  a  welding  heat,  the  link  is  brought  to  the  anvil, 
the  first  link  caught  up  in  it,  and  the  weld  made,  or  the  pre- 
vious link  may  be  caught  up  in  it  after  fluxing  and  before 
putting  it  into  the  fire  for  the  final  heat.  In  this  way  the 
six  links  can  be  made,  the  heat  for  scarfing  and  bending  a 
link  being  raised  while  the  previous  link  is  being  welded. 

53*  Forgring  a  Cbain  Ring. — When  the  six  links  of 
the  chain  have  been  made,  the  ring  shown  at  a^  Fig.  46  (rr), 
can  be  made  of  the  remaining  8  inches  of  the  rod.  The  iron 
is  scarfed  at  one  end  and  bent  into  shape,  when  it  is  ready 
for  welding;  the  first  link  of  the  chain  and  the  chain  hook. 
Fig.  23,  are  picked  up  in  the  ring,  which  is  then  welded.  The 
chain  can  be  finished  by  brushing  it  with  a  stiff  brush  and 
some  sand  and  water,  after  which  it  is  heated  to  a  dull  red 
and  dipped  into  linseed  oil  or  rubbed  with  a  piece  of  oily 
waste,  guarding  carefully  against  fire  in  case  the  oil  ignites. 

54.  Determiniiitir  tbe  Lreng^tb  of  Material  Re- 
quired for  Forging^  a  Ring^. — The  following  rule  will  be 
found  handy  for  determining  the  amount  of  stock  required 
for  either  band  or  round  rings  : 

Rule. — Add  together  the  inside  diameter  of  the  ring  a?id 
the  thickness  of  the  stock  and  multiply  this  by  S\. 

Example. — Required  to  determine  the  length  of  stock  necessary  for 
a  ring  of  2-inch  iron  having  an  inside  diameter  of  12  inches. 

Solution. —    12  -h  2  =  14;  14  x  3|  =  44  inches.     Ans. 


BLACKSMITHING  AND  FORGING. 

(PART  8.) 


EXAMPLES   OF    WELDING    AND 

FORGING. 


SCARF    TVELDING. 


MAKING    TONGS. 

1.  Forcing. — In  making  a  pair  of  blacksmith's  tongs, 
for  holding  flat  iron,  such  as  is  shown  in  Fig.  1,  a  bar  of 
}-inch  square  iron,  not  more  than  2  feet  long,  is  marked  at 
2  inches  from  the  end  and  heated.     When  hot  the  marked 


Fig.  1. 


end  is  flattened  down  to  a  thickness  of  -^j  inch,  leaving  the 

shoulder,  as  shown  at  a,  Fig.  2  (a),  on  one  side.     This  may 

be  done  by  holding  it  with  the  line  on  the  edge  of  the  anvil 

and  flattening  it  down   from   above,  as  shown.     The  piece 

having  again  been  heated  is  placed  upon  the  anvil,  as  shown 
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in  Fi;^.  2  (d),  and  flattened  down  for  about  3  inches  in  len^h. 
The  piece  is  then  cut  from  the  bar  and  the  other  end  ^  drawn 
down  to  ^  inch  round,  as  is  shown  in  Fig.  "^  {«:),  making  the 
offset  on  the  side  oprx/site  a.  The  end  ^Z,  Fig.  2  (r),  may  be 
left  a  littJe  larger  and  then  scarfed  f«.»r  welding.  Another 
piece  is  made  like  the  first  and  a  l^-inch  round  rod  12  inches 
long  is  welded  to  each  to  form  the  handles.  A  J-inch  hole 
is  punched  through  one  of  the  pieces,  as  shown  at  ^,  Fig.  2  (</). 
The  two  parts  of  the  tongs  are  held  t«>gether  and  the  hole 
marked  in  the  second  piece  by  punching  it  through  the 
hole  already  made.  The  first  piece  is  then  laid  aside  and 
the  hole  punched  through  the  other  one. 


Fu;.  2. 

The  pin  or  rivet  that  is  to  hold  the  two  parts  together  is 
made  by  upsetting  a  ^-inch  rod  at  one  end  and  forming  it 
into  a  head.  The  pin,  shown  in  Fig.  2  (r),  is  then  cut  from 
the  bar,  making  it  the  proper  length,  and  tried  in  the  tongs 
to  make  sure  that  it  fits.  The  pin  is  then  put  into  the  fire 
and  heated  on  the  end/.  When  hot,  the  finished  head  //  is 
cor>le(l  by  dip[)ing  it  into  water,  but  the  end  /  is  left  hot. 
It  is  then  put  back  into  the  fire  and  heated  on  the  end. 
When  hot  it  is  put  through  the  two  holes  and  the  tongs 
finished  by  riveting  the  end  of  the  pin.  It  frequently  hap- 
pens that  the  rivet  bends  in  the  holes;  this  makes  the  tongs 
tight,  but  the  jaws  will  not  stay  parallel.  In  such  a  case, 
the  rivet  is  driven  out  while  it  is  still  hot  and  another  one 
ma(l(;.  In  some  cases  the  handles  or  reins  are  not  welded  on, 
but  are  drawn  down  from  the  J-inch  iron. 
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2.  Inspecting. — In  making  tongs  it  is  well  to  inspect 
the  parts  very  closely  before  putting  them  together.  A 
good  way  to  detect  flaws  and  defects  is  to  heat  the  sus- 
pected part  to  a  dull-red  heat.  This  will  show  all  defects, 
such  as  cracks,  seams,  poor  welds,  etc.  The  welds,  angles, 
offsets  in  the  jaws,  and  the  metal  near  the  punched  holes 
are  very  liable  to  show  defects.  If  the  defects  cannot  be 
remedied,  a  new  part  must  be  made. 

3.  Taking  a  Heat  Over  Work. — Sometimes  it  is 
well  to  take  a  heat  over  the  work.  This  consists  of  going 
over  the  piece,  when  it  is  at  a  white  heat,  with  a  light  hand 
hammer.  In  this  way  the  fibers  that  have  become  separated 
are  rewelded  and  the  forging  improved. 

4.  Using  the  Fuller. — When  making  tongs,  the 
fuller  may  be  used  to  good  advantage  for  working  the  ma- 
terial to  approximately  the  correct  form.  A  chisel  should 
never  be  used  for  forming  the  shoulders,  as  it  is  almost 
sure  to  start  a  crack. 


BUTT    TVELDING. 


KNUCKLB-JOINT    STRAP. 

5.  Forging. — To  make  a  knuckle-joint  strap,  such  as 
is  shown  in  Fig.  3  (rt),  take  a  short  bar  of  stock  slightly 
wider  than  one-half  the  width  a  of  the  strap,  and  of  the 
thickness  shown  at  b.  Make  the  notch  shown  at  c^  Fig.  3  (^), 
with  the  fuller,  and  then  draw  the  end  of  the  bar  to  the 
form  shown  by  the  dotted  lines.  Next,  cut  off  this  end  of 
the  bar  at  such  a  place  as  will  give  the  piece  shown  in 
Fig.  3  (^),  and  hollow  the  face  as  shown  at  d.  Make  a  second 
piece  of  the  same  form,  except  that  the  face  d  is  convex 
instead  of  concave.  There  will  now  be  two  pieces,  as 
shown  in  Fig.  3  (^/).  These  pieces  are  to  be  welded 
together,  the  excess  of  width  having  been  given  that  they 
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might  close  slightly  at  f^  Fig.  3  (d\  during  the  operation 
of  welding. 

To  weld  them  together,  heat  the  two  pieces  simultaneously 
in  separate  fires,  or  in  a  suitable  furnace.  When  at  a  weld- 
ing heat,  place  the  pieces  on  the  anvil  in  the  relative  position 
shown  in  Fig.  ^  {d\  and  make  the  weld  with  light  blows (tf 
sledge  hammers,  or  place  them  between  the  dies  of  a  power 
hammer  and  weld  with  light  blows,  being  careful  that  the 
blows  do  not  draw  the  opening  too  close.  Too  heavy  blows 
are  liable,  a]so,  to  spread  the  edges  of  the  weld  and  weaken 
it.     The  piece  should  be  turned  on  its  side,  after  the  faces 
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arc  welded,  and  the  sides  closed  before  the  Welding  heat  is 
lost.  It  must  be  remembered  that  the  weld  is  due  to  the 
fluid  condition  of  the  metal  at  the  surfaces  being  joined,  and 
that  the  blows  delivered  should  have  only  force  enough  to 
bring  the  surfaces  closely  together.  After  the  weld  is  made, 
make  the  grooves  shown  in  Fig.  3  (e)  with  the  fuller,  and 
draw  the  end  out  as  shown  by  the  dotted  lines.  Cut  the 
end  to  the  curved  form  shown  in  Fig.  3  (a)  by  the  use  of 
a  hot  chisel,  and  finish  this  end  on  the  anvil  in  the  usual 
manner. 
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ELECTRIC  WELDING. 

• 

6.  Electric  welding  has  during  the  past  few  years  taken 
a  very  prominent  place  in  the  mechanic  arts;  although  it 
has,  up  to  the  present  time,  seldom  been  carried  on  in  the 
blacksmith  shop,  it  nevertheless  comes  under  the  head  of 
blacksmithing. 

7«  Electric-Welding  Mactiine. — The  pieces  to  be 
welded  are  held  in  powerful  bronze  clamps ;  each  clamp  is  con- 
nected with  one  of  the  terminals  of  a  dynamo.  The  clamps 
are  adjusted  so  that  the  pieces  touch  at  the  point  where  the 
weld  is  to  be  made.     The  clamp  holding  one  of  the  pieces 

* 

can  be  moved  by  means  of  a  screw,  or  by  hydraulic  pres- 
sure, so  as  to  either  bring  the  pieces  into  closer  contact  or 
separate  them,  as  may  be  desired.  When  the  pieces  are  in 
contact,  the  current  is  turned  on.  The  adjustable  clamp  is 
then  drawn  back  a  trifle,  making  it  necessary  for  the  cur- 
rent to  jump  across  the  space  between  the  two  pieces,  thus 
forming  an  electric  arc.  This  heats  the  ends  to  a  welding 
heat  in  a  very  short  time,  and  by  forcing  the  clamp  forward 
again,  the  two  pieces  are  welded  by  pressing  or  hammering 
them  together.  The  current  is  then  turned  off,  and  when 
sufficiently  cold,  the  piece  is  taken  out  of  the  machine. 


TOOL  STEEL. 

8.  Distinction. — The  work  thus  far  considered  has 
been  exclusively  in  iron,  some  of  the  characteristics  of 
which  have  been  discussed  and  described.  The  work  in 
steel  presents  some  new  problems  because  of  the  character 
of  the  material.  The  marked  feature  of  steel  is  its  ability 
to  acquire  various  degrees  of  hardness.  The  degree  of 
hardness  attainable  depends  on  the  presence  of  certain 
foreign  substances,  chief  among  which  is  carbon.  Besides 
carbon,  other  substances  possess  the  quality  of  rendering 
steel  hard;  among  these  are  tungsten,  chromium,  and 
nickel. 
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ANNEALING,  HARDENING,  AND  TEMPERING. 


DEFINITIONS. 

O.  Anneallns* — By  heating  steel  to  a  cherry  red  and 
then  allowing  it  to  cool  very  slowly  by  burying  it  ia  hot 
sand,  ashes,  or  other  substance  that  will  hold  the  heat  a 
long  time,  it  will  become  soft  and  of  a  uniform  structure 
throughout.     This  operation  is  called  anneallns- 

10.  Hardening-  —  If  steel  is  heated  to  a  medium 
cherry  red  and  then  chilled  suddenly,  it  becomes  hard.  The 
degree  of  hardness  reached  depends  on  the  suddenness  with 
which  it  is  chilled.  The  chilling  may  be  done  by  exposing 
the  steel  to  a  cold  blast,  or  the  steel  may  be  dipped  into 
some  cold  liquid.     This  operation  is  termed  tiardenlnK- 

11.  Temperlnflf.  —  If  a  hardened  piece  of  steel  is 
slowly  heated,  it  will  gradually  become  softer  as  the  temper- 
ature is  raised.  In  this  way  it  can  be  partially  annealed  to 
any  desired  degree  of  softness.  When  the  desired  degree 
is  reached,  the  temperature  must  not  be  allowed  to  rise 
any  higher,  otherwise  the  annealing  will  continue  as  long 
as  the  temperature  increases.  Any  further  rise  in  temper- 
ature can  be  prevented  by  dipping  the  steel  into  some  cold 
liquid.  This  operation  of  partially  annealing  the  steel  is 
called  tempering. 


SPBCIMBN  PIBCB. 

1  2.  PrepariiiK  Specimen  Piece. — This  character- 
istic of  steel  that  permits  various  degrees  of  hardness  to  Ik; 
(>l)tained  can  be  illustrated  by  making  a  specimen  piece, 

as  shown  in  Fig.  4,  and  tempering  it  so  as  to  present  all 
the  degrees  of  hardness  from  an  annealed  soft  steel  to  one 
that  is  so  hard  and  brittle  that  a  sharp  corner  will  scratch 
glass. 

A  piece  of  tool  steel  is  drawn  out  wedge  shaped,  as  shown 
in  Fig.  4,  measuring  J  inch  by  ^  inch  at  the  small  end,  and 
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i  by  1  inch  at  the  large  end.     The  tapering  part  is  made 
about  4  inches  long,  and  2  inches  of  stock  ^  inch  by  1  inch 


Fig.  4. 

IS  left  on  the  large  end,  making  the  total  length  of  the  piece 
6  inches.  This  piece  is  filed  bright  and  is  then  polished  with 
emery  cloth. 

1 3.  Hardening. — The  piece  is  heated  to  a  bright  red 
and  then  dipped  into  cold  water,  holding  it  in  the  tongs  by 
the  large  end.  It  should  be  dipped  endwise  and  vigorously 
moved  up  and  down  until  cold  throughout.  When  cold  it  is 
again  rubbed  with  emery  cloth  until  bright.  It  will  be  found 
to  have  a  mottled  appearance;  the  file  will  not  cut  it;  and  it 
is  hard  and  brittle. 

14.  Drawing  the  Temper. — If  the  end  of  a  bar  of 

iron  at  least  1  inch  square  is  heated  and  the  specimen  piece 
laid  on  the  hot  bar  so  that  the  large  end  of  the  specimen  piece 
rests  on  the  bar,  while  a  piece  of  cold  iron  about  1  inch  thick 
is  laid  under  the  point  to  keep  it  from  touching  the  hot  iron, 
the  large  end  a  will  rapidly  become  hot  from  its  contact 
with  the  heated  bar  of  iron,  while  the  other  end  c  will  warm 
up  very  slowly.  Soon  it  will  be  noticed  that  colors  have  be- 
gun to  appear  on  the  surface  of  the  steel.  The  colors  start 
near  the  heated  end  and  gradually  travel  to  the  point,  each 
making  way  for  the  next  succeeding  shade.  The  order  in 
which  the  colors  run  from  the  hot  toward  the  cold  end  is  as 
follows:  A  very  pale  yellow  starts  at  the  hot  stock  and  creeps 
toward  the  small  end,  being  followed  by  a  darker  yellow, 
then  by  a  brown,  and  so  on,  until  by  the  time  the  yellow  is 
close  to  the  small  end,  the  large  end  is  of  a  deep  slate  color. 
This  operation  is  called  draw^ing  ttie  temper. 
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1 5.  Temper  Colors. — The  colors  in  their  regular  order 
are  generally  known  by  the  following  names:  Very  pale  yel- 
low, pale  yellow,  full  yellow  (straw),  brown,  brovn  with 
purple  spots,  purple,  light  blue,  full  blue,  dark  blue,  and 
gray. 

Note. — The  colors  are  caused  by  the  oxidizing  of  the  surface  of  the 
steel.  The  amount  and  character  of  oxidation,  and,  therefore,  the 
color,  varies  with  the  temi>erature  and  indicates  the  temperature  to 
which  that  part  has  been  heated. 

By  the  time  the  first  tinge  of  yellow  comes  to  within^ inch 
of  the  small  end,  the  heat  in  the  stock  will  be  nearly  spent; 
at  this  time  the  piece  should  be  plunged  into  water  and 
cooled  for  the  purpose  of  fixing  the  temper  and  color.  The 
])icce  will  now  be  soft  enough  to  file  at  the  large  end  «,  and 
some  distance  down,  to  about  where  the  straw  color  shows, 
while  the  point  is  still  hard  and  brittle.  If  the  piece  is  cooled 
in  the  air  by  a  blast,  the  colors  will  be  brighter. 

TEMPERING  OF  STEEL. 


Color. 

Very  pale  yellow 
Pale  vcll()W 


I  Temperature. 


Specimen. 


■i'Mr  F. 
450°  F. 


Full  yellow  (straw) 470°  F. 


]^>rown, 


400"  F. 


Brown  with  j)iirple  sj)ols      510"  F. 
Puri)le I      ru]0''  F. 


Li<i:ht  blue 
Full  blue. . 


Dark  blue. 


ru>if  F. 
ryCA)''  F. 

r.oo"  F. 


Lancets. 

Razors,  surgical  instru- 
ments. 
Penknives,  drills  f^r 

iron. 
Small    cutlery,   shears. 

cold  chisels. 
Axes,     planes,     potket 

knives,  wood  chisels. 
Table    knives,   lar^e 

shears,    drills    for 

wo(k1. 
vS words,  sprin;j;s. 
I  Fine    s  a  w  s ,    dai^i^^ers, 

swords,  auiifcrs. 
Saws. 


TEMPER  COLORS  FOR  VARIOUS 

ARXICUES. 


I  i 


II 
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16.  Temperatures. — The  accompanying  table  shows 
what  colors  are  produced  at  various  temperatures;  also,  a 
few  tools  or  instruments  which  are  tempered*  to  the  various 
degrees  of  hardness  obtained  at  these  temperatures. 

The  temper  should  be  drawn  slowly,  as  it  is  easier  to 
watch  the  change  of  color,  and  the  danger  of  drawing  it  too 
far  is  reduced.  Different  makes  of  steel  vary  somewhat  as 
to  the  degree  of  hardness  corresponding  to  a  given  color, 
but  the  table  may  be  taken  as  a  fair  average. 


WORK    IN    STEEL. 


COLD  CHISBL. 

17.  Forging. — If  it  is  required  to  make  a  cold  chisel 
such  as  is  shown  in  Fig.  5,  a  piece  6  inches  long  is  cut  from 
a  bar  of  f-inch  octagon  steel.  The  piece  is  put  into  the 
fire  so  as  to  heat  the  end  to  a  medium  cherry-red  color,  for 
a  distance  of  about  2  inches.  The  fire  must  be  clean  and 
the  heat  raised  so  as  not  to  soak  the  steel  in  the  fire,  but  at 
the  same  time  getting  the  piece  thoroughly  heated  without 
burning  the  corners.     When  a  medium  cherry-red  color  is 


FlO.  5. 

readied,  the  piece  is  taken  out  of  the  fire  and  the  end  drawji 
out  to  a  wedge  shape  by  rapid  hammer  blows.  If  the  end 
begins  to  spread  sidewise,  it  can  be  brought  back  into  shape 
by  a  few  hammer  blows  on  the  edges.  The  end  is  drawn 
out  to  an  edge  a^  Fig.  5,  by  light  hammer  blows,  taking  care 
not  to  work  it  below  a  black  heat,  as  this  would  tend  to  crack 
it.     When  the  edge  has  been  drawn  out,  the  rough  or  ragged 
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part  is  cut  off  with  the  cutter,  laying  a  piece  of  soft  iron 
between  it  and  the  anvil  so  as  not  to  cpt  against  the  hard- 
ened face  of  the  anvil  and  thereby  spoil  the  cutter.  The 
head  of  the  chisel  is  then  rounded,  as  shown  at  b^  Fig.  5. 
The  chisel  is  now  ready  to  be  tempered,  which  operation  may 
be  divided  into  three  separate  steps:  annealings  hardening^ 
and  drawing  the  temper  or  tempering. 

18.  Restoring  the  Uniformity. — The  piece  should 
be  annealed  in  order  to  make  it  homogeneous.  This  is  a  step 
often  neglected,  but  better  results  are  obtained  when  it  is 
done.  When  steel  is  worked,  the  structure  changes;  the 
thinner  parts  of  the  chisel  have  been  worked  more  than  those 
remaining  thick,  and  have  been  heated  more  rapidly  and  to  a 
higher  temperature,  and  have  also  been  cooled  more  quickly 
by  the  cold  anvil  and  hammer.  They  are,  therefore,  more 
liable  to  be  brittle;  the  steel  is  no  longer  homogeneous.  It 
should  be  made  so,  however,  before  tempering,  otherwise 
the  various  parts  are  liable  to  be  tempered  unevenly.  The 
heat  raised  for  hardening  the  tool  does  much  to  restore  the 
homogeneity  of  the  steel,  but  often  this  is  not  sufficient,  and 
for  this  reason  many  prefer  to  anneal  every  tool  before 
hardening  it. 

19.  Annealing. — To  anneal  the  steel,  it  is  put  into  the 
fire  and  raised  to  a  medium-red  heat,  taking  care,  however, 
not  to  overheat  the  thin  edges.  When  uniformly  heated,  it 
is  taken  from  the  fire  and  laid  in  the  warm  ashes  on  the  side 
of  the  forge  and  allowed  to  cool  until  the  heat  is  no  longer 
visible.  It  is  then  cooled  by  plunging  it  into  cold  water. 
This  makes  it  homogeneous  once  more  and  it  is  ready  to  be 
hardened. 

20.  Hardening. — In  order  to  harden  the  steel,  it  is 
heated  to  an  even  medium-red  color  (a  little  less  than  for- 
ging heat),  and  then  plunged  endwise  into  cold  water.  In 
plunging,  care  must  be  taken  to  plunge  it  straight,  letting 
the  edge  strike  the  waiter  first,  and  thrusting  it  down  ver- 
tically and  then  moving  it  up  and  down.    If  plunged  sidewiso, 
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one  side  will  cool  sooner  than  the  others  and  the  piece 
will  warp.  This  would  not  be  so  serious  in  a  cold  chisel,  but 
in  finer  tools  it  would  be  a  bad  defect,  and  carelessness  in 
coarse  tools  might  lead  to  carelessness  in  finer  ones.  When 
the  work  has  been  plunged  it  should  not  be  held  quietly,  but 
should  be  moved  up  and  down,  in  order  to  bring  its  surface 
in  contact  with  as  much  cold  water  as  possible,  thereby  cool- 
ing it  rapidly.  The  hot  iron  transforms  the  water  with 
which  it  comes  in  contact  into  steam,  which  envelops  the 
steel  and  keeps  off  the  cold  water;  by  moving  the  piece  con- 
tinually, the  chilling  becomes  more  effective.  Moving  the 
steel  from  side  to  side,  however,  has  the  same  effect  as 
plunging  it  sidewise. 

21  •  Tempering. — When  properly  hardened,  the  faces 
of  the  chisel  are  rubbed  bright  with  emery  cloth  or  sand- 
paper, so  that  the  colors  can  be  watched  while  drawing  the 
temper.  If  the  head  of  the  chisel  is  now  heated,  the  temper 
will  be  drawn  gradually,  and  when  the  brown  color  reaches 
the  cutting  edge,  the  point  of  the  chisel  is  dipped  into  water 
to  hold  the  temper  where  it  is.  The  chisel  can  then  be 
ground  on  a  stone  and  tried  on  a  piece  of  iron.  The  point 
should  be  the  hardest  part  of  the  chisel,  for  if  there  is  a 
harder  part  farther  back,  the  chisel  will  be  liable  to  break 
at  that  place. 

22.     Hardening  and  Tempering  In  One  Heat. — In 

practice,  a  cold  chisel  is  always  hardened  and  tempered  in 
one  heat.  The  front  end  is  heated  to  a  medium  red,  letting 
the  heat  extend  pretty  far  back.  It  is  then  taken  from  the 
fire  and  the  point  plunged  into  cold  water,  chilling  it  about 
IJ  inches  back.  In  plunging  a  piece  of  steel  in  this  way,  it 
must  be  moved  up  and  down  a  little,  so  as  to  avoid  starting 
a  crack  between  the  hardened  part  and  the  soft  stock.  As 
soon  as  the  point  has  been  sufficiently  chilled,  it  is  polished 
rapidly  with  emery  cloth  to  make  it  bright.  The  heat  still 
retained  in  the  stock  will  gradually  move  along  to  the  point 
and  draw  the  temper,  and  the  colors  can  be  watched  on  the 
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bright  part.  When  the  desired  shade  is  reached  at  the  point, 
the  chisel  is  dipped  into  cold  water  to  hold  the  temper  where 
it  is. 

23.  l^arps  and  Cracks  From  Hardenlnsr. — In  dip- 
ping tools  for  hardening  or  tempering,  great  care  must  be 
taken  to  keep  them  in  the  water  long  enough  to  get  the 
steel  chilled  throughout.  If  the  tool  is  dipped,  the  outside 
becomes  chilled  and  contracts,  forming  a  hard,  brittle  shell 
for  the  heated  and  expanded  interior.  As  the  interior  cools 
it  also  contracts,  but  being  held  to  the  already  hardened 
shell  it  cannot  contract  to  its  original  size;  this  causes  an 
internal  strain  in  the  steel  that  may  at  times  cause  it  to 
crack.  For  this  reason  the  steel  should  not  be  plunged  at 
more  than  a  medium-red  heat. 


CAPB  CHISEL. 


24.     If  a  cape  chisel,  of  the  form  shown  in  Fig.  6,  is  to 
be  made,  the  end  of  the  bar  of  steel  is  drawn  out  to  the 


Fig.  6. 

required  shape,  using  the  fuller  for  drawing  down  the  sides  of 
the   blade.     In   forming  the  sides,  place  the  stock  on  the 

round  corner  of  the  anvil,  and  bring 
it  to  shape  in  the  manner  shown  in 
Fig.  7,  taking  care  to  have  the 
shoulders  of  the  same  depth  and 
opposite  each  other.  Turning  the 
piece  frequently  will  assist  in  ma- 
king the  two  sides  alike. 
After  the  shoulders  have  been  formed  and  the  stock  on  the 
sides  drawn  down  slightly  with  the  fuller,  the  point  is  finished 


Fig.  7. 
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as  shown  in  Fig.  6.  This  finishing  may  be  done  with  a  hand 
hammer  or  with  the  flatter.  When  properly  formed,  the 
chisel  is  cut  from  the  bar  to  the  required  length  and  the 
head  formed,  after  which  the  chisel  is  annealed.  If  the  edge 
is  now  filed,  it  will  save  grinding  later  on.  The  point  is  then 
hardened  and  the  temper  drawn  in  a  single  heat. 


HAMMBR. 


25.  For  practice  in  working  tool  steel,  the  construction 
of  the  cross-peen  hammer  shown  in  Fig.  8  is  useful.  Two 
of  the  hammer  heads  may  be  made  during  the  operation 
from  the  same  piece  of  stock.  Use  a  piece  of  tool  steel 
i  inch  square  and  8^^  inches  long.     Lay  off  a  center-punch 


h-/*-H 


Fig.  8. 


mark  IJ  inches  from  each  end,  and  punch  the  holes  for  the 
handles  at  these  marks,  as  shown  in  Fig.  9.  To  punch 
the  hole,  use  an  ej^e  punch  having  an  end  considerably 
smaller  than  the  required  hole;  drive  the  punch   half-way 


C~) 


Fig.  9. 


through  from  one  side  and  then  drive  it  to  meet  this  hole 
from  the  other  side;  then  finish  the  hole  by  using  a  drift 
that  is  the  size  of  the  required  opening.  To  make  the  sides 
of  the  hole  parallel  and  the  opening  of  the  proper  shape,  it 
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is  necessary  to  work  the  drift  through  the  hole  made  by  the 
punch  very  carefully,  keeping  the  steel  closed  around  the 
drift  during  the  operation.  The  stock  must  be  hot  enough 
to  work  freely. 

Draw  out  the  face  end  a,  Fig.  8,  to  the  form  shown;  the 
change  in  section  from  the  square  to  the  octagonal  and  the 
slight  taper  from  the  eye  to  the  face  will  increase  the  length 
by  i  inch  or  more.  Holding  in  the  tong^  the  end  that  has 
been  drawn  out,  the  other  end  is  treated  in  the  same 
manner.  Next,  the  stock  is  cut  apart  at  (r),  Fig.  9,  and  the 
peen  ends  are  drawn  to  the  form  and  dimensions  shown  in 
Fig.  8.  Ball-peen  hammers  and  those  having  other  shapes 
may  be  made  in  nearly  the  same  manner.  The  drawing 
may  be  done  with  a  hand  hammer  or  with  the  fuller 
and  flatter. 


DIAMOND-POINTED  LATHB  TOOL. 

26.     The  stock  for  a  diamond-poliited  lathe  tool  for 

a  small  lathe  should  be  of  tool  steel,  1  inch  by  ^  inch  in  sec- 
tion, and  the  length  i  inch  less  than  that  required  in  the 
finished  tool;  the  form  should  be  that  shown  in  Fig.  10. 
Square  one  end  and  give  it  a  -j^j^-inch  bevel,  as  shown  at  e. 
Fig.  10,  and  then  draw  the  other  end  to  the  form  shown  in 
Fig.  11  {a).     Next  draw  to  the  form  shown  in  Fig.  11  (#), 
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Fig.  10. 


then  place  the  inside  edge  d  in  contact  with  the  face  of  the 
anvil,  holding  the  body  of  the  tool  obliquely  across  the  side, 
as  shown  in  Fig.  Vi  {a),  and  deliver  a  few  blows  on  the 
uppermost  corner  while  it  is  in  this  position.  Then  shift  ib 
]>osition  until  the  other  inside  corner  is  in  contact  with  the 
anvil  face,  as  shown  in  Fig.  12  (^),  and  again  deliver  a  few 
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blows  on  the  uppermost  corner.     Return  it  to  the  first  posi- 
tion,   and    deliver 


a  few  blows,  then 
change  it  again,  and 
so  continue  until  the 
end  is  square  in  sec- 
tion and  of  the  form 
shown  in  Fig.  10. 
Next,    with   a   sharp  ||1 
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chisel,    cut    off    the 

point   /*,    making    it 

the  required  height, 

cutting    from    the 

face  d.  Fig.   10,  and 

then  bend  the  point 

to  one  side,  as  shown. 

The  tool  is  then   hardened  and   the   temper  drawn    to   a 

light-straw  color. 

All  the  work  must  be, done  at  a  low  heat  or  the  tool  will 

not  do  good  work,  and 

m 


because  of  the  low  heat 
a  crack  is  liable  to  form 
at  ^,  Fig.  10,  unless 
great  care  is  taken. 
Larger  tools  of  the 
same  class  may  be 
made  in  the  same 
manner. 


KlGHT-HAIVn   SIDB 
TOOL. 

27.  To  make  a 
right-hand  side 
tool  assume  that  the 
stock  is  of  tool  steel 
1  inch  by  i  inch  in 
section  and  of  the  length  required  for  the  tool,  which  is  to 
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be  of  the  form  shown  in  Fig.  13. 


it  down  with  blows  delii-i 


Bevel  one  end  1^  inches 
back  from  the  cor- 
ner, as  shown  in 
Fig.  14  (rt):  then 
place  it  on  the  anvil 
in  such  a  way  ihat 
the  corner  a  coniK 
over  the  rounded 
edge,  the  piece  being 
held  as  shown  in 
Fig.  14  (b),  and  drive 
the  direction  of  the  arrows 
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in  Fig.  14  (c).  This  will  bring  it  to  the  shape  shown  in 
Fig.  14  (d),  the  edge  c  d  being  made  thinner  than  the 
back  e  f.  When  it  is  forged  to  the  right  thickness  and 
the  back  properly  shaped,  the  edge  and  point  are  cut  off 
with  a  hot  chisel  to  the  shape  indicated  by  the  dotted  lines 
in  Fig.  14  {d). 


(a) 
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Fig.  15. 

After  the  parts  are  made  of  the  required  thickness  and 
dimensions,  the  edge  is  set  over  to  one  side  in  the  manner 
shown  in  Fig.  14  (e*),  the  piece  being  placed  over  the 
rounded  corner  of  the  anvil  and  the  set  hammer  used  in  the 
manner  indicated. 
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In  tempering  this  tool,  care  must  be  taken  that  the  thia 
edge  is  not  overheated.  The  temper  is  drawn  to  a  dark- 
straw  color.  It  is  well  to  dip  this  tool  in  the  manner  shown 
in  Fig.  U  (/). 


BORING  TOOL. 

28«  The  boring  tool  shown  in  Fig.  15  (a)  is  made  in 
a  manner  nearly  similar  to  the  side  tool.  The  same  kind  of 
stock  is  used,  and  a  proper  amount  of  the  end  is  drawn 
down  with  the  sledge  and  hammer  to  the  form  shown  in 
Fig.  15  {d).  Then  i  inch  of  the  end  is  placed  on  the  anvil 
and  the  shoulder  shown  at  a.  Fig.  15  (r),  is  formed,  and  the 
end  then  bent  to  the  shape  shown  by  the  dotted  lines  in 
Fig.  15  (c).  The  point  is  cut  to  the  required  shape  with  a 
sharp  hot  chisel  and  finished  as  shown  in  Fig.  15  {a).  The 
tool  is  tempered  to  a  dark-straw  color,  as  was  the  side  tool. 


SPECIAL  MBTHODS  FOR  HARDENING  AND  TEMPERING. 

29.  Importance  of  an  Kven  Heat. — It  is  of  great 
importance  to  have  a  tool  heated  evenly  before  hardening. 
Some  parts  of  the  tool  may  be  exposed  to  the  heat  more 
than  others,  besides  which  the  thin  parts  will  heat  rapidly 
while  the  thicker  parts  require  considerably  more  time. 

30.  Heating  in  Molten  Metal.— These  difficulties 
are,  to  a  great  measure,  overcome  by  heating  the  tool  in 
molten  metal,  such  as  lead.  The  lead  is  heated  until  it 
mclls,  when  the  tool  is  put  into  it  (generally  suspendd 
from  a  wire  or  with  a  pair  of  tongs  clamped  to  it);  the  heat 
is  then  raised  slowlv.  As  the  steel  is  not  in  contact  with 
air,  it  may  be  allowed  to  soak  a  little.  When  the  tool  is  of 
a  medium  cherry-red  color,  it  is  taken  out  of  the  lead  hath 
and  chilled. 

31.  Heating  in  a  Sand  Bath.  —  Small  articles  of 
steel  are  sometimes  hardened  by  being  put  into  a  piece  of 
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pipe  or  an  iron  box  filled  with  sand,  and,  when  heated,  sand 

and  atl  are  emptied  into  the  water  trough.     This  hardens 

them  all  alike,  and  the  temper  may  be  drawn  in  oil  or  by 

heating  a  quantity  of  sand  evenly  and  putting  the  articles 

into  it  to  draw  the  temper.     The  heat  of  the  sand  is  first 

ascertained  by  stirring  it  with  a  bright  steel  rod.      The 

pieces    may   also    be 

picked    out    of     the 

sand  bath  with  a  pair 

of  tongs  and  then 

plunged    into   the 

water.     The  tongs 

should   be    heated   a 

little,   however,  to 

avoid    chilling   the 

steel    where    they 

touch  it. 

32.     Spraying. 

If  a  piece  of  hot  steel 
is  dipped  into  water, 
the  layer  of  water 
immediately  sur- 
rounding it  is  raised 
to  a  great  heat  and 
small  particles  of  hot 
steam  envelop  the 
steel,  thus  excludiiig 
the  cold  water  from 
contact  with  it.  This 
trouble  is  greatly 
overcome  by  shaking 
the  piece  violently  r"..  .-• 

under  water.  Moving  the  piece  sidewisc  is  liable  to  warp 
it  in  the  same  way  as  plunging  it  sidewise.  This  danger 
is  averted  by  spraying  the  steel  from  all  sides  by  means 
of  some  device  like  the  one  shown  in  Fig.  IC,  which  con- 
sists of  four  vertical  pipes  a,  a.  set  up  at  the  four  corners 
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of  a  square.  The  surfaces  of  the  pipes  facing  the  cen- 
ter of  the  square  are  perforated  by  a  number  of  small 
holes  //,  h.  The  piece  to  be  hardened  or  tempered  is  held 
through  the  hole  k  between  the  pipes  and  the  water  turned 
on.  The  piece  is  turned  slowly  so  as  to  expose  all  sides  to 
the  spray.  When  the  tool  is  thoroughly  chilled^  the  water 
is  turned  off.  "The  frame  maybe  enclosed  in  a  sheet-iron 
box  or  tank,  and  provision  made  for  taking  away  the  waste 
water, 

33*  Air  TemperliiK.  —  It  is  said  that  the  famous 
Damascus  blades  lyere  annealed,  then  heated  to  a  cherry 
red,  and  suspended  by  a  string  in  the  opening  of  a  partly 
opened  door.  The  tempering  was  always  left  for  a  cold, 
windy  day  in  winter.  The  string  in  twisting  brought  all 
sides  in  contact  with  the  cold  draft,  thus  giving  the  proper 
degree  of  hardness  without  dipping  into  water  or  drawing. 
The  dipping  always  has  a«  tendency  to  impair  the  elasticity 
of  the  steel. 

34*  Hardening  and  Tempering  in  Oil. — If  a  tool 
is  dipped  into  oil  instead  of  water  to  harden  it,  the  first 
chill  received  will  be  less  than  when  dipped  into  water,  but 
the  oil  fumes  surrounding  the  steel  have  a  higher  tempera- 
ture than  has  the  steam  from  water;  for  this  reason, 
oil  hardening  makes  the  tool  less  brittle  than  does  water 
hardening.  Springs  and  tools  requiring  elasticity  are 
hardened  in  this  manner. 

35.  I>rawing  Temper  in  Hot  Oil. — In  drawing  the' 
temper  on  a  tool,  it  is  very  important  that  all  parts  of  it 
should  be  tempered  to  the  same  degree  of  hardness.  To  do 
this,  all  parts  must  reach  the  same  heat,  and  this  is  very 
difficult,  if  not  impossible,  in  the  open  air.  A  draft,  the 
cold  tongs  with  which  the  article  is  held,  and  many  other 
causes  are  liable  to  affect  the  temperature  reached  or  the 
rapidity  of  the  cooling,  and  thus  make  the  temper  uneven. 
If  the  piece  is  put  into  some  liquid  and  heated  to  the 
required  temperature  in  the  liquid,  the  piece  will  be  heated 
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evenly  throughout  and  will  also  be  protected  from  all 
external  influences  like  drafts,  etc.  Linseed  oil  is  generally 
used  for  this  purpose. 

36.  Ascertaining  Temperature  of  Oil. — For  draw- 
ing the  temper  of  steel  in  oil,  a  deep  pan  having  a  handle 
is  filled  half  full  of  linseed  oil  and  supported  directly  over 
the  fire.  As  the  oil  becomes  hot,  a  light  white  vapor 
begins  to  rise  from  it.  A  bright  steel  rod  dipped  into  the 
oil  will  turn  to  a  pale  straw  color,  showing  that  the  oil 
has  reached  a  temperature  of  450°  F.  As  the  oil  becomes 
hotter,  the  vapor  becomes  darker  and  heavier;  if  the  end  of 
the  rod  is  put  into  it  again,  it  will  turn  brown,  490°  F.  After 
a  while  the  vapor  will  appear  black;  if  the  rod  is  then  held 
into  the  oil  for  a  few  moments,  it  will  turn  purple,  530°  F.  If 
the  heat  is  increased  until  the  vapor  can  be  ignited  with  a 
burning  chip  of  wood  but  can  be  blown  out  quite  easily,  it 
is  a  sign  that  the  oil  has  reached  a  temperature  of  550°  F., 
and  will  turn  the  rod  light  blue.  This  is  the  proper  heat  for 
springs  of  low-grade  steel.  If  the  heat  is  increased,  the 
oil  will  boil  over  and  the  fumes  ignite  so  that  they  cannot 
be  blown  out;  this  shows  that  the  oil  has  a  temperature  of 
600°  F.,  which  will  turn  the  steel  dark  blue.  This  is  the 
temperature  of  the  high-grade  steel  springs. 

37.  Burning  Off. — The  fact  that  linseed  oil  ignites  at 
600°  is  taken  advantage  of  in  the  process  of  burning  off  fre- 
quently used  in  tempering  springs.  The  spring  is  hardened 
by  immersing  it  in  linseed  oil.  When  cold  it  is  taken  out 
and  the  oil  that  still  adheres  to  it  is  ignited  and  allowed  to 
burn  off.  This  produces  a  temperature  of  at  least  600°, 
which  will  draw  the  temper  of  the  spring.  This  coats  the 
spring  with  a  black  surface  that  makes  it  rust-proof.  If 
necessary,  as  in  thick  pieces,  the  burning  off  is  repeated. 
Care  must  be  taken  to  see  that  the  burning  off  is  not  con- 
tinued too  long,  for  while  the  oil  ignites  at  OOO"",  the  tem- 
perature of  the  burning  oil  rises  much  above  this,  and  hence 
there  is  danger  of  overheating  the  piece. 
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FLAT  SPRING. 

38.  Forging. — To  make  a  flat  spring,  such  as  is  shown 
in  Fig.  17,  a  piece  of  steel  is  drawn  out  flat  and  slightly 
tapered,  care  being  taken  to  make  the  taper  very  regular, 
and  finishing  it  with  a  flatter  until  it  is  perfectly  straight. 
The  steel  is  then  annealed  and  filed  and  then 
ground  on  a  stone  to  remove  all  irregularities 
and  uneven  spots.  It  may  then  be  bent  cold  in 
the  hand,  or  over  the  horn  of  the  anvil  without 
hammering;  or  it  may  be  heated  and  then  bent 
into  the  shape  shown  in  Fig.  17.  When  evenly 
bent  it  is  ready  for  hardening. 

39.  Hardening. — If  the  fire  is  large  enough 
to  give  an  even  heat  to  the  entire  spring,  it  may 
be  heated  in  the  open  fire  and  then  plunged  into 
water  or  oil,  care  being  taken  to  avoid  warping. 
Another  way  is  to  heat  the  steel  in  a  pan  of 
sand,  which  will  make  the  heat  more  even. 

The  heating  should  be  slow  and  even  and  the 
piece  raised  to  a  cherry-red  heat;  and  when 
cooled  in  water,  it  may  be  held  in  the  tongs  and 
dipped  verLirally.  After  treatment  in  this  man- 
ner, the  surface  should  have  a  mottled  appear- 
ance, being  clouded   with   black  and    with  white 

spots;  if  it  has  not  this  appearance,  it  is  probably  not  hard 

enough  and  should  be  hardened  again. 

-lO.  Tempering. — When  hardened,  the  steel  is  rubbed 
bright  with  emery  cloth  and  then  tempered  to  a  dark-blue 
shade.  The  tempering  can  be  done  over  the  open  fire,  or  in 
a  sand  bath  previously  heated  to  the  i)roper  temperature,  <>r 
over  a  piece  of  hot  iron.  When  drawn  to  a  dark-blue  color, 
the  spring  is  plunged  into  cold  water. 

The  temper  may  be  drawn  by  holding  it  over  the  fire  and 
heating  it  slowly  and  evenly  by  moving  it  back  and  forth, 
usint;-  a  lii;ht  draft.  To  know  when  it  has  reached  therii^ht 
tem])erature,  a  pine  stick,  sharpened  to  a  point,  is  ruidK-d 
over  the  surface,  iind  when  sparks  follow  the  stick  the  right 
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temperature  has  been  reached;  the  spring  is  then  plunged 
into  oil  or  water. 

Another  method  of  tempering  such  a  spring  after  harden- 
ing is  to  dip  it  into  oil  and  hold  it  over  the  fire  until  the  oil 
begins  to  blaze,  and  then  dip  it  in  a  new  bath  of  oil  and 
heat  it  as  before,  repeating  this  process  three  times.  Care 
must  be  taken  that  the  oil  ignites  from  the  heat  of  the 
spring,  and  that  the  oil  is  not  allowed  to  continue  burning 
on  the  spring,  as  this  would  overheat  the  spring  and  draw 
its  temper  too  far. 

41.  Testlns. — The  spring  may  be  tested  as  follows: 
Its  shape  is  first  marked  off  on  the  bench  or  on  a  sheet  of 
paper,  then  it  is  clamped  in  the  vise  at  the  thicker  end  and 
the  projecting  thin  end  bent  forwards  and  allowed  to  spring 
back  several  times.  It  is  then  compared  with  the  drawing 
to  see  whether  it  has  changed  its  form.     If  so  it  is  too  soft ; 
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if  it  breaks  it  is  too  hard.  Or  it  may  be  clamped  in  a  vise 
with  a  piece  of  iron,  as  shown  in  Fig.  18,  and  the  distance  tt 
measured;  it  is  then  forced  down  until  the  point  touches 
the  iron.  After  it  is  released,  if  the  distance  a  measures 
the  same  as  at  first,  it  is  properly  tempered.  Do  not  strike 
it  or  drop  it  after  tempering,  as  either  act  may  break  it. 


BARDRNINti    PREPARATIONS. 

42*  Hardening;  Solutlons.^Certain  salts  may  be  dis- 
solved in  the  water  used  for  chilling  the  steel  that  will  effect 
a  more  rapid  cooling,   some  on  account  of  their  cooling 
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properties,  others  on  account  of  their  tendency  to  retard  the 
formation  of  steam  on  the  hot  surfaces. 

The  following  solution  will  be  found  very  serviceable  for 
hardening  as  well  as  for  cooling  in  drawing  the  temper: 
Dissolve  in  %  gallons  of  rain  water,  1^  ounces  rock  salt, 
1  ounce  saltpeter,  1  ounce  sal  ammoniac,  1  ounce  corrosive 
sublimate.  The  steel  is  heated  to  a  cherry  red  and  dipped 
into  the  solution.  When  cold,  the  temper  is  drawn.  This 
solution  is  very  poisonous  and  should  be  handled  with  great 
care. 

43.  Hardening  Paste.  —  Steel  may  be  hardened  by 
heating  it  to  a  cherry  red  and  then  coating  it  rapidly  with  a 
paste  made  of  4  ounces  salt,  1  ounce  wheat  flour,  2  ounces 
water.  After  this  the  piece  is  put  back  into  the  fire  until  it 
is  cherry  red,  and  then  plunged  into  cold  water.' 

44.  Chloride-of-ZInc  Solution.  —  If  steel  is  to  be 
made  very  hard,  it  is  heated  to  a  cherry-red  color  and  then 
plunged  into  a  solution  of  chloride  of  zinc.  A  drill  hardened 
in  this  way  will  drill  glass. 

45.  Common-Salt  Solution.  —  One  of  the  simplest 
and  at  the  same  time  one  of  the  best  hardening  solutions 
consists  of  a  saturated  solution  of  common  salt  and  rain 
water.  This  solution  is  employed  quite  extensively  by  tool 
smiths. 

46.  Mercury. — Cooling  steel  in  mercury  has  the  same 
effect  because  the  mercury,  being  a  good  conductor  of  heat, 
carries  the  heat  away  from  the  immersed  steel  rapidly, 
thereby  chilling  it  quickly.  Care  must  be  taken  not  to  in- 
hale the  fumes,  as  they  are  poisonous.  Wheels  of  glass- 
cutters  are  frequently  hardened  in  this  way. 


SELF-HARDBNING  8TBBL. 

47.  Compariaon. — The  steel  from  which  sharp-edged 
tools,  springs,  and  instruments  are  made  must  be  tempered 
to  give  it  the  proper  degree  of  hardness.     There  are  grades 
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of  steel,  however,  that  are  so  hard  that  they  will  hold  an 
edge  even  while  perceptibly  red.  These  are  known  as  self- 
hardenlns  steel.  Miishet  steel \s>  probably  the  best-known 
kind.  All  self-hardening  steels  are,  strictly  speaking, 
alloys;  two  or  more  metals  are  mixed  to  give  a  product 
having  the  required  properties.  The  metals  alloyed  with 
the  steel  are,  of  course,  added  in  very  small  quantities,  but 
the  effect  is  very  marked.  Tungsten  and  manganese  are 
generally  alloyed  with  the  steel  to  make  it  self-hardening. 
Chromium  is  sometimes  added  to  these,  and  it  is  then  called 
chrome  steel.  Chrome  steel  is  very  good  at  first,  but  it 
frequently  loses  its  good  qualities  after  redressing  several 
times. 

48.  Properties.  —  Self-hardening  steel,  even  in  the 
bar,  is  very  hard  and  brittle.  It  cannot  be  cut  cold.  It 
must  be  worked  at  a  cherry-red  heat  and  not  worked  below 
a  dull  red.  It  will  crumble  if  worked  too  hot  or  too  cold, 
and  requires  hard  and  persistent  hammering.  If  plunged 
into  water  while  hot,  it  will  fly  to  pieces.  It  is  very  exten- 
sively used  for  lathe  and  planer  tools  for  roughing  work. 
The  work  can  be  run  at  a  greater  speed,  and  a  heavier  cut 
taken,  than  with  a  tool  of  ordinary  tool  steel,  because  the 
heat  from  the  friction  will  not  draw  the  temper  from  the 
cutting  edge. 

49.  Treatment. — When  a  tool  has  been  made  of  self- 
hardening  steel,  it  is  laid  aside  in  a  cool  place;  when  cold  it 
is  ready  for  use  after  it  has  been  ground,  which  is  generally 
done  on  an  emery  wheel.  If  it  is  not  hard  enough,  the  tool 
is  heated  to  a  cherry  red  and  a  blast  of  cold  air  turned  on  it 
until  the  tool  is  cool.  It  may  be  annealed  soft  enough  to  be 
worked  in  a  lathe  by  heating  it  and  then  burying  it  in  saw- 
dust, sand,  or  ashes. 

50«  Restoring. — Self-hardening  steel  frequently  crum- 
bles while  being  dressed  at  a  temperature  that  did  not  cause 
it  to  crumble  before.  This  is  a  sign  that  it  is  no  longer  ho- 
mogeneous.    The  tool  can  sometimes  be  restored  by  heating 
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it  and  cutting  off  the  crumbled  portion,  then  heating  it 
uniformly  throughout  to  nearly  a  lemon  color,  without  soak- 
ing it  in  the  fire,  and  allowing  it  to  cool  slowly  in  a  warm,  dry 
place.  After  this  treatment,  the  steel  may  be  worked  as 
before.  The  same  treatment  is  good  for  high-grade  steel 
that  has  become  refractory  (no  longer  homogeneous)  by  con- 
tinued working. 

51.  Aluminum  Steel. — A  small  percentage  of  alumi- 
num (^  ounce  or  1  ounce  to  the  ton)  is  sometimes  added  to 
steel  in  order  to  make  it  flow  better  in  casting. 

52.  Nickel  Steel. — Armor  plates  are  sometimes  made 
of  steel  alloyed  with  nickel. (5  per  cent,  and  upwards).  This 
makes  a  very  strong  product  that  does  not  easily  corrode. 


WELDING  IRON  TO  STEEL. 

53.  Characteristics  of  Each. —  In  welding  iron  to 
steel,  the  characteristics  of  each  material  must  be  taken  into 
account.  Iron  welds  at  a  white  heat,  but  steel  must  not  be 
raised  above  a  bright-cherry  heat.  Sand  flux  is  very  good 
on  iron,  but  steel  requires  something  more  fusible.  In  this 
case,  borax  may  be  used. 

54.  Borax  for  a  Flux. — If  a  piece  of  flat  iron  is  heated 
to  a  bright  clierry  red  and  some  raw  or  crystallized  borax 
sprinkled  over  it,  the  borax  will  boil  and  bubble  so  that  very 
little  of  it  actually  comes  in  contact  with  the  iron,  and  if  the 
iron  is  put  back  into  the  fire  most  of  the  borax  will  be  rubbed 
off.  It  is  evident  that  borax  in  this  condition  is  not  fit  to 
use  as  a  flux.  The  boiling  and  bubbling  is  caused  by  the 
water  contained  in  the  borax.  The  heat  changes  the  water 
into  steam,  which  swells  and  honeycombs  the  mass.  The 
water  may  be  expelled  by  heating  a  small  quantity  of  borax 
in  an  iron  ladle,  stirring  it  occasionally,  and  adding  more 
borax  as  the  mass  melts.  This  operation  is  called  r^ A"/;/ /;/^. 
The  calcined  borax  is  poured  on  a  cold  surface,  and  when 
sufficiently  hard  it  is  powdered.     This  powder  is  used  for 
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fluxing     steel.       Calcined     borax    is    also     called     borax 

SS*  Making  the  Weld. — To  make  a  weld,  the  fire  is 
cleaned  so  as  to  remove  all  cinders,  ashes,  etc.,  and  then 
the  iron  put  in  and  raised  slowly  to  a  welding  heat.  When 
this  point  is  nearly  reached,  the  steel  is  put  into  the  fire  and 
heated  as  rapidly  as  possible.  When  each  is  near  its  weld- 
ing heat,  it  is  dipped  into  its  flux,  the  iron  into  the  sand  and 
the  steel  into  the  calcined  borax,  or  both  into  borax.  They 
are  then  put  back  into  the  fire  and  brought  to  their  welding- 
heats,  the  iron  to  a  white  heat  and  the  steel  to  a  bright 
cherry.  They  are  then  taken  from  the  fire  and  welded 
rapidly,  working  them  down  to  a  dull-red  heat.  The  weld 
is  then  reheated  and  gone  over  with  a  light  hammer. 


MAKI!VG   FLAT  ORILLS. 

56.  Forging. — In  making  a  long-shank,  flat  drill,  such 
as  is  shown  in  Fig.  19,  the  point  is  made  of  steel,  but  the 
shank  is  made  of  iron. 
The  steel  is  welded  to 
the  iron  by  a  cleft  weld 
before  forging  the  drill 
pomt.      The    steel    is 

formed  as  shown  at  a,  Fig.  20,  and  the  iron  cleft  is  shown 
at  d.  The  iron  is  heated  to  a  red  heat,  the  cold  steel  driven 
into  the  cleft,  and  the  iron  closed  down  about  the  steel.     A 

welding  heat  is  then 
taken  on  the  joint,  using 
borax  as  a  flux ;  the  iron 
being  outside  protects 
pjjj  3p  the    steel     from    being 

burned.  When  heated 
to  a  bright  cherry  red,  the  pieces  are  taken  from  the  fire 
and  welded  together.  The  shank  is  then  cut  to  the  proper 
length  and  the  end  forged  square  to  fit  into  the  brace  or 
ratchet  and  the  point  forged  to  the  proper  form. 
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57.    TempcrlnC' — When  forged,  the  drill  is  annealed, 

hardened,  and  the  temper  drawn  to  a  fall  yellow.  When 
ground  it  is  ready  for  use.  The  temper  of  the  drill  may  be 
drawn  by  the  heat  in  the  shank.  If  the  shank  is  not  hot 
enough,  a  large  nut  or  a  heavy  piece  of  iron  having  a  hole 
through  it  is  heated  and  slipped  over  the  shank  close  to  the 
point,  and  the  drill  held  so  that  it  does  not  touch  the  hot 
iron.  The  heat  that  radiates  from  the  iron  will  soon  draw 
the  temper.  A  pair  of  hot  tongs  is  often  used  for  drawing 
the  temper,  the  work  being  held  near  the  point  and  tbe 
temper  allowed  to  run  out  as  desired. 


58.     PlelE  Point. — Stecllnc  is  the  operation  of  welding 
B  steel  edge  or  point  on  a  tool,  the  stock  of  which  is  made 
of    iron.      The  cleft   weld    is    generally 
used  for  this  purpose,  on  account  of  its 
strength.     If  the  point  J  of  a  pick  mat- 
tock, shown  in  Fig.  21,  is  to  be  steeled, 
the   iron   is  split  open,   as  shown   at  /, 
Fig.  23,  and  prepared  for  a  cleft  wdd. 
The    bar    of    steel  d  is 
then    scarfed   on   both 


Fig.  n.  Pio. «. 

wn,   both    pieces    heated,    and    then   welded 


§13       rLyVCKsmtthing  and  forging. 

tiigctlier.  After  this  llie  point  is  drawn  out  to  tlit:  reqii 
sKape,  as  shown  in  Fig.  21.  Picks,  axes,  adzes,  and  "t 
similar  tools  are  generally  steeled  m  this  way. 


STRRI.  FACING. 

51>.  When  a  sheet  of  sLoel  is  welded  to  an  iron  back,  the 
Operation  is  called  steel  fucinic.  The  steel  is  frequently 
welded  on  in  a  thick  piece  and  the  iron  and  steel  drawn  out 
thin  after  they  have  been  welded.  Plane  irons  that  have  a 
steel  face  and  an  iuin  back  are  generally  made  in  this  way. 
The  iron  ('  and  steel  s  arc  welded  together  so  as  to  make 
a  square  iiiece,  as  shown  in  Fig.  83,  and  this  piece  is  then 
drawn  down  to  the  required  thickness. 


HAHDEMNG    A\0   TEMPERING 
FUH\ACES. 

BO.  AdvantaiccH. — In  hardening  and  tempering  tools, 
such  as  machine  knives,  taps,  milling  cutters,  long  twist 
drills,  reamers,  etc.,  there  is  danger  of  warping  the 
tools  by  uneven  heat- 
ing, or  by  a  cold  draft, 
or  by  some  other  ex- 
ternal influence.  The 
thin  parts  will  heat 
more  rapidly  than  the 
thicker  ones  and  will 
also  cool  more  quickly. 
thus  sometimes  causing 
the  tool  lo  crack  in  the 
sharp  corners.  This 
cracking  can  be  averted 
to  a  great  extent  by 
heating  the  sleel  in  a 
special  hardviilntf 
furniitic. 
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61.  Muffle  Furnace. — Fig.  Zi  shows  a  muffle  furnace 
that  is  lined  with  firebrick  throughout,  coal,  coke,  or  char- 
coal being  used  for  fuel.  If  a  blast  is  used,  it  is  supplied 
through  a  blast  pipe  that  opens  into  the  ash-pit;  a  valve  is 
used  for  controlling  the  blast.  The  steel  to  be  heated  is 
placed  in  the  nuitfle  d,  which  is  surrounded  by  the  fire.  The 
grate  is  level  with  the  bottom  of  the  opening  c  and  the  fuel 
is  put  in  through  the  door  a.  Gas  or  oil  Is  sometimes  used 
for  fuel  in  muffle  furnaces.  If  gas  is  used,  it  is  mixed  with 
air  on  its  way  to  the  burners. 

62.  <:as  Furnace  'With  Chain  Conveyer.  —  Fig.  25 
shows  a  gas  furnace  in  which  large  quantities  of  small  arti- 
cles, all  of  which  have  the  same  shape,  can  be  tempered 
continuously.     The  pieces  are  dropped  into  the  links  of  a 


chain  conveyer  at  i  that  ox()oses  them  to  the  beat 
they  are  traveling  tlirough  the  furnace,  anil  tlieji 
Ibem  into  the  i-o..lin;j:  Ijatli  /.;  placed  at  the  other  end  < 
machine.  The  furiiace  is  heated  by  gas,  which  is  t 
wilb    ail-  an.l   then   distrilniled    to   the    biinn-rs  />,  ^; 
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once  set  and  the  speed  of  the  conveyer  adjusted,  tlie  furnace 
will  heat  all  pieces  to  the  same  temperature.  The  furnace 
is  used  for  heating  steel,  for  hardening,  and  also  for  draw- 
ing the  temper.  When  used  for  hardening,  the  conveyer  is 
made  to  travel  slowly  and  the  heat  is  made  more  intense; 
whereas,  if  the  furnace  is  to  be  used  for  drawing  the  tem- 
per, the  chain  travels  through  the  furnace  rapidly  and  the 
temperature  is  kept  at  the  heat  required  to  draw  the 
temper  to  the  desired  degree  of  hardness. 

63.  Sand  Drawing  Furnace. — In  the  furnace  shown 
in  Fig,  26,  the  pieces  to  be  tempered  are  fed  into  the  furnace 
at  one  end  a  and  conveyed  to  the  other  end  b  hy  means  of 
a  spiral  conveyer.     While  passing  through  the  furnace,  the 


pieces  are  brought  in  contact  with  hot  sand,  which  draws 
their  temper.  The  sand  is  heated  by  gas  burners  and  the 
temperature  is  dL-terniincd  by  means  of  a  special  thermom- 
eter /,  called  a  pyrometer.     The  pieces  arc  not  chilled,  but 
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allowed  to  cool  in  the  air.     This  is  frequently  done  when  a 
bright  color  is  wanted  for  the  sake  of   apiiearance,  as  in  > 
bhicd  screws,  etc. 

64.  Lead  Furnace. — Fig.  27  shows  a  leaiJ-healing  fur- 
nace used  for  heating  steel  for  hardening.      The  lead  in  the 

a  pot  t/  is  heated  and  kept  in  a  molicn 

condition  by  gas  flames.  The  steel 
is  put  into  the  lead  and  held  in  it 
until  it  has  acquired  the  proper  tem- 
perature throughout.  It  is  then  ta- 
ken out  of  the  molten  metal  and 
thoroughly  chilled  by  plunging  or 
spraying.  The  burners  are  inside  of 
Fio.  w.  the  outer  casing  c;  the  lighting  being 

done  through  the  holes  closed  by  the  stoppers/,  /. 

65.  Oll-DrawloK   Furnace. — Pig.  28   shows  an  oil 
bath  used  for  drawing  the  temper.     The  oil  in  the  tank  s  is 


heated  to  the  required  temperature  by  gas  flames  between 
the  tank  s  and  the  outer  casing  v.  The  lighting  bole  i* 
shown  closed  by  the  plug  «.     The  articles  to  be  tempered 
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are  put  into  the  basket  k  and  then  immersed  in  the  hot  oil. 
When  the  temper  has  been  sufficiently  drawn,  the  basket  is 
lifted  out  and  the  pieces  allowed  to  cool  off.  The  tempera- 
ture of  the  oil  is  ascertained  by  means  of  the  thermometer  / 
and  is  kept  the  same  by  regulating  the  gas  and  air  supply. 

66.  OH  Hardening  and  Tempering  in  One  Oper- 
ation.— Articles  are  sometimes  hardened  and  tempered  in 
one  operation,  as  follows:  The  pieces  of  steel  are  heated  to  a 
cherry  red  and  then  plunged  into  oil  that  has  been  previously 
heated  to  the  temperature  required  to  produce  the  desired 
degree  of  hardness.  Owing  to  the  fact  that  the  tempera- 
ture of  the  oil  is  raised  by  throwing  the  hot  pieces  of  steel 
into  it,  the  thermometer  must  be  closely  watched  and  the 
gas  flames  regulated  accordingly.  If  the  oil  bath  is  large, 
the  effect  will  not  be  so  marked  as  with  a  small  quantity  of 
oil.     Linseed  oil  is  generally  used  for  this  purpose. 


CASE-HARDENING. 

67.  Theory  of  Case-Hardenlngr. — The  distinguish- 
ing feature  of  steel  is  its  hardening  quality.  Wrought  iron 
does  not  possess  this  characteristic,  but  it  can  be  subjected 
to  a  treatment  called  case-hardenlns  that  will,  as  the 
name  implies,  harden  it  on  the  outside.  The  operation  of 
case-hardening  consists  of  two  steps,  namely:  first,  causing 
the  iron  to  absorb  carbon  by  heating  it  to  a  red  heat  in  the 
presence  of  carbon  and  thus  transforming  the  outside  of  it 
into  steel,  and,  second,  chilling  it  suddenly  to  harden  the 
steel  thus  formed. 

08«  Cyanide  Method. — The  simplest  method  of  case- 
hardening  is  to  bring  the  iron  to  a  bright-red  heat  and  then 
rub  it  with  a  lump  of  cyanide  of  potash  or  ferrocyanide  of 
potash.  It  is  then  again  rapidly  heated  and  plunged  into 
cold  water.  If  the  second  heat  is  too  slow  and  the  iron  is 
allowed  to  soak,  the  carbon  that  it  took  up  from  the  cyanide 
will  diffuse  throughout  the  iron  and  be  lost  to  the  surface 
where  it  is  required.     The  fumes  from  the  cyanide  are.  as 
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poisonous  as  the  cyanide  itself  and  must  not  be  breathed. 
It  is  best  to  hold  the  cyanide  in  a  pair  of  pick-up  tongs 
while  case-hardening.  This  keeps  it  farther  away  from  the 
nostrils  and  also  avoids  getting  the  hands  covered  with  it. 

69.  Carbonizing.  —  Small  pieces,  such  as  parts  of 
guns,  sewing  machines,  and  bicycles,  are  often  made  of 
wrought  iron  and  case-hardened  by  a  method  very  much 
like  the  process  used  in  the  manufacture  of  blister  steel. 
The  carbonizing  is  not  carried  far  enough  to  allow  the 
carbon  to  penetrate  clear  through,  but  the  surface  is  trans- 
formed into  steel. 

The  pieces  are  packed  in  charcoal,  or  other  material  con- 
taining carbon,  in  air-tight  boxes  made  of  iron  and  then 
heated  to  a  cherry  red  for  24  hours.  They  are  then,  while 
hot,  thrown  into  cold  water.  Charred  bone,  leather,  or 
hoofs  are  often  used  in  place  of  or  with  charcoal  with  very 
good  results.  Some  persons  claim  that  if  cast-iron  borings 
are  mixed  in,  they  serve  to  conduct  the  heat  to  the  pieces 
more  evenly  and,  therefore,  give  better  results.  If  some 
salts  are  dissolved  in  the  water  used  for  chilling,  the  effect 
will  be  the  same  as  in  hardening  steel. 

7(>.  Carbonizing  in  Clay.  —  Articles  may  be  case- 
hardened  by  coating  them  with  a  thick  paste  made  of  char- 
coal and  strong  brine,  and  then  embedding  them  in  a  lump 
of  clay  that  is  baked  for  2  or  3  days  and  then  thrown  into 
cold  water.  The  clay  cracks  up  into  small  pieces  and  the  iron 
is  picked  out  when  cold. 


ANNEALING. 


71.     When  steel  has  been   unevenly  worked  under  the 

luinuner  and  has,  in  conscciuence  of  this,  lost  its  uniformity 
of  structure,  it  may  be  restored  to  its  normal  condition  by 
submitting  it  to  a  c  herry-rcd  heat  and  then  allowing  it  to 
coo]  t<>  a  black  heat  on  the  side  of  the  forge.      If,  however, 
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the  steel  is  to  be  cut  with  tools,  as  in  a  lathe  or  planer,  or  if 
it  is  to  be  filed  or  cut  with  taps  or  dies,  a  more  efficient 
process  of  annealing  must  be  used  to  make  it  soft  enough  to 
be  easily  cut. 

72.  Dry  Annealing.  —  The  process  known  as  dry 
annealing:  is  very  effective.  It  consists  of  heating  the 
steel  to  a  medium  red  and  then  packing  it  in  hot  sand,  hot, 
dry  ashes,  or  powdered  air-slacked  lime,  and  then  allowing 
it  to  cool  slowly.  If  the  steel  is  allowed  to  soak  in  the  fire 
or  if  it  is  heated  above  a  medium  red,  it  may  be  spoiled. 

73.  Water     Annealing^.  —  By    iw^ater    annealing, 

small  pieces  of  steel  can  be  very  effectively  annealed  in  a 
short  time.  The  steel  is  heated  to  a  dull  red,  and  allowed 
to  cool  down  to  almost  black  heat  in  the  hot  ashes.  It  is 
then  plunged  into  water,  brine,  or  strong  soapsuds. 

74.  Annealing:  Steel  Castings  or  Forgrlnffs. — Steel 
forgings  and  castings  are  frequently  annealed  by  putting 
them  into  a  heating  furnace  where  they  are  heated  to  a  dull 
red,  and  then  cooled  slowly  by  closing  the  furnace  doors 
tightly  and  allowing  the  fire  to  go  out.  The  pieces  will  then 
cool  off  with  the  furnace,  which  holds  its  heat  for  a  number 
of  days. 

ANNBALING    WROUGHT   IRON. 

75.  General  Remarks. — Although  wrought  iron  is 
normally  fibrous  in  its  structure,  under  certain  conditions 
its  structure  becomes  decidedly  crystalline.  Suddenly 
chilling  it  from  a  red  heat  or  subjecting  it  to  jarring  or 
vibrations  will  cause  it  to  crystallize.  The  bolts  in  bridges 
often  snap  off  because  the  continual  strain  and  vibration 
have  crystallized  the  iron.  The  chains  used  in  shops  for 
lifting  heavy  loads  are  often  known  to  snap  with  a  load  that 
another  chain  of  the  .same  size  will  carry  with  perfect  safety. 
The  difference  in  the  carrying  capacities  between  the  two  is 
due  to  the  difference  in  their  structures.  The  fibrous  struc- 
ture of  the  iron  can  be  restored,  however,  by  annealing. 

S.  Vol.  IV.--42, 
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Fni"  this  reason  M  chains,  rings,  and  hooks  subjected  to 
greal  strains  should  be  annealed  occasionally  to  restore  ihv 
fibrous  structure  to  the  iron.     This  should  be  done  once  a 

year,  just  before  the  coUl  weather  sets  in. 

76>  Metli€»d  of  Anneallnc. — To  anneal  the  chaioB, 
they  are  slowly  raised  to  a  cherry-red  heat  and  held  at  that 
heat  for  some  time.  They  are  then  buried  in  hot  sand  w 
ashes  and  allowed  to  cool  slowly. 

A  very  effective  way  is  to  heat  the  iron  to  a  red  heat 
slowly  in  a  furnace  and  then  allow  the  fire  to  go  out,  closing 
the  furnace  tightly.  This  is  generally  done  toward  the  close 
of  the  week  and  the  iron  taken  out  on  Monday  morning. 
Large  forgings  are  frequently  annealed  in  this  way,  often 
requiring  a  number  of  days  or  even  weeks  to  cool.  The 
pieces  are  often  packed  in  iron  ore,  which  gives  the  forging 
an  even  bearing  and  thus  avoids  the  danger  of  its  war{nng 
or  sagging  from  its  own  weight  while  hot.  Steel  must  not 
be  bedded  in  iron  ore,  as  this  would  decarbonize  it. 


BLACKSMITHING  AND  FORGING. 

(PART  4.) 


FORGING  MACHINES. 

1*  Classification. — In  many  instances,  the  blows  that 
a  man  can  strike  will  not  produce  the  desired  effect  on  iron; 
or  in  other  instances,  this  method  of  shaping  the  metal  may 
be  too  costly.  In  such  cases,  forging  machines  are  re- 
sorted to.  These  machines  may  be  divided  into  two  classes ; 
namely,  machines  that  shape  the  iron  by  hammering  it  and 
those  that  shape  it  by  exerting  a  steady  pressure  upon  it. 
The  first  class,,  commonly  called  hammers^  includes  drop 
hammers,  trip  hammers,  steam  hammers,  etc. ;  the  second 
class,  called  presses^  comprises  such  machines  as  punches, 
shears,  forming  presses,  bulldozers,  etc. 


HAMMERS. 

2.  Early  Forms. — The  earlier  forms  of  machine  ham- 
mers have  heads  that  run  in  guides  or  are  attached  to  the 
ends  of  levers.  The  head  is  raised  by  hand  or  by  power, 
and  then  allowed  to  drop,  the  intensity  of  the  blow  varying 
with  the  weight  of  the  head  and  the  height  from  which  it 
falls.  Formerly,  machine  hammers  were  generally  driven 
by  water  power,  the  head  being  fastened  to  the  end  of  a 
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ver  that  was  raised  by  means  of  cogs  set  on  a  shaft  and 
driven  by  a  waterwheel.  This  form  of  hammer  is  now  little 
used. 

3.  Rubber-Cushioned  Hammer.^ — -Fig-  1  shows  a 
style  of  hammer  in  which  the  shaft  is  driven  by  a  bdt  A.  A 
crank  on  the  shaft  operates  a  lever  that  lifts  the  rubber 
buffer  r  and  at  the  same  time  depresses  the  rubber  buffer  j, 
thus  raising  the  lever  /;  as  the  i-rank  continues  to  turn,  it 


lets  down  the  lever  and  the  elasticity  of  the  buffers  c  and  f', 
together  with  the  weight  of  the  hammer  h,  causes  the  ham- 
mer to  descend  and  strike  a  blow.  The  treadle  /  and  the 
hand  lever  /■  operate  a  clutch  by  which  the  machine  is 
started  and  stopped.  The  rubber  buffers  help  to  cushion 
the  blow. 

4.  Forging  Hammer. — Another  type  of  hammer  is 
shown  in  Fig.  2.  The  pulley  /  is  driven  by  a  belt  « that 
runs  continuously,  but  which  is  so  loos?  that  it  does  noi 
turn  the  pulley  unless  a  tightener  is  pressed  against  it 
This  tightener,  pulley  y",  is  operated  by  the  treadle  k.  The 
head  //  is  raised  by  the  crankpiu  c,  which  is  fastened  in  the 
slot  r.  The  pin  c  may  be  set  anywhere  in  the  slot  r,  and 
the  length  of  the  stroke  varied  accordingly. 
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5.  Steam  Hammer. — In  the  steam  hammer,  Fig.  3, 
the  head  h  is  keyed  on  the  end  of  a  piston  that  works  in  a 
steam  cylinder.  Admitting  steam  into  the  lower  end  of 
the  cylinder  raises  the  head,  while  admitting  steam  into  the 
upper  end  of  the  cylinder  causes  the  hammer  to  descend  by 
its  own  weight  in  addition  to  the  pressure  of  the  steam  on 


the  upper  face  of  the  piston.  The  length  of  the  stroke  is 
regulated  by  means  of  a  valve,  which  may  be  set  so  as  to 
make  the  hammer  strike  single  blows  in  accordance  with 
the  movements  of  the  lever  /  ;  or  the  hammer  may  be  set  to 
strike  blows  automatically  in  rapid  succession,  tlie  force  of 
the  blows  being  regulated  with  great  precision  by  the  valve. 
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6.  Frictiuii-Board  l>rop  Hammer. — Fig.  4  shows  a 
frictioti-lioard  ilrup  liamnici-.  The  head  h  is  suspended  by 
the  board  b  that  runs  between  two  friction  rollers  k  at  the 
top  of  the  machine.  The  friction  rollers  run  continuously, 
and  by  moving  the  lever  /or 
the  Ireadle  y  downwards,  the 
rod  r  is  moved  upwards.  By 
means  of  the  cam  c,  the  rollers 
are  brought  closer  together 
and,  clutching  the  board,  raise 
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it  with  the  head.  When  the  lever  or  treadle  is  released,  the 
rollers  release  the  board  and  the  head  falls  and  strikes  a 
blow.  The  cam  c  may  be  moved  automatically  by  means 
of  the  dog  d,  which  is  set  at  a  suitable  position  on  the 
roil  r.     By  this  arrangenicnl,  the  hammer  may  be  made  to 
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strike  cuntinuous  blows  as  the  dog  d  throws  iIr-  cam  when- 
ever the  head  reaches  it.  As  the  force  of  the  lilow  depends 
on  the  height  from  which  the  hammer  falls,  ttie  blow  can 
be  varied  by  changing  the  position  of  the  dog  d. 


DROP    FORGING. 

7.  General  Conwideratlun. — When  a  nnmber  of  for- 
gings  rif  the  same  pattern  are  to  be  made,  the  work  is  gener- 
ally done  by  driving  or  pressing  the  iron  into  a  die  placed 


under  a  drop  hammer.     This  method  is  called  drop  for- 
icln|[.     Much  of   this  class  of  work   is  now  done  by  steam 


ICin|[.  iMuen  oi  cms  ciass  oi  worK  is  now  uonc  uy  sieaiii 
hammers  and  forging  presses,  but  the,  finished  product  still 
retains  the  name  of  tIro])  forging.      Work  of  this  description 
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is  freqiieiilly  shaped  by  several  sets  of  dies  before  ri  lias 
acquired  Ihe  desirud  form,  or  the  work  is  nmghly  formed 
by  hand  and  then  finished  in  the  dies. 

8.  Dies  for  Drop  FortcInK- — Fig.  5  shows  a  set  of 
dies  that  may  be  used  in  drop  forging  the  wrench  shown  in 

Fig.  B.  The  end  of  a  bar  of  iron 
is  upset  to  gain  stock  for  the  head 
of  the  wrench;  this  may  lie  done 
by  hand  or  in  a  machine.  The 
bar  is  then  put  into  the  first  dieii, 
which  acts  like  a  fuller  and  spreads  the  iron  at  the  point 
out  toward  the  edges.  The  handle  is  partly  formed  in  this 
die.  The  partly  finished  pieee,  which  is  shown  aty.  is  then 
put  into  the  second  die  b  and  the  handle  finished  and  the 
metal  in  the  head  pressed  well  into  the  die.  When  the 
forging  is  taken  from  this  die  it  has  the  form  i' of  the  fin- 
ished wrench,  but  the  fin  of  metal  h  which  squeezed  out 
of  ihe  die  is  still  attached  to  it.  This  fin  is  sheared  off  hy 
tht:  trimming  die  c,  which  is  really  a  punch,  the  poriiun  d 
fitting  into  the  die  c  for  this  purpose.  The  end  k  is  left 
on  and  serves  as  a  handle  for  the  wrench  during  the  oper- 
ation. When  trimmed,  the  wrench  r  falls  into  the  pocket 
in  the  bottom  of  the  die  and  is  pulled  out  through  the  slot  s. 
The  end  k  is  finally  cut  off  on  a  shear  and  the  edges 
finished  to  the  form  shown  in  Fig.  6  by  grinding  them 
upon  an  emery  wheeL 

PRESSES. 

9.  General  Consideration.  —  As  previously  stated, 
machines  that  form  iron  into  shape  by  a  steady  pressure 
are  called  presses.  Although  iron  is  generally  worked  hoi, 
still  there  are  cases  in  which  it  can  be  worked  cold  nith 
greater  advantage.  This  is  especially  true  with  such  presses 
as  punches,  shears,  and  some  forms  of  bending  machines. 

1 0.  Small  Presses. — Small  foot -power  or  hand  geared 
presses  are   sometimes  used   for   punching,   shearing,  and 
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bending.      They  are   serviceable  only    for    light    work    and 
where  the  work  is  done  in  small  quantities. 

11.  Multiple  ForglnQ:  Machine.— A  machine  having 
a  number  of  pitmans,  each  carrying  a  die  shaped  for  forming 
a  round  or  fiat  section,  is  shown  in  Fig.  7.  The  bar  of  iron  is 
placed  between  a  set  of  these  dies  and  drawn  down  to  the  size 
of  this  die;  after  which  it  is  placed  between  the  next  set  and 


drawn  down  to  that  size;  and  so  on  until  it  is  of  the  size  re- 
quired. Or,  bars  may  be  drawn  down  to  flat  sizes  between 
two  flat  dies  which  may  be  set  to  the  two  sizes  required  for 
width  and  thickness,  or  different  sections  may  be  formed  on 
the  same  bar. 
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12.     Bulldozer 

izonta!  forming  pre; 


The  machine  may 
the  illustration,  or 
also,  the  dies  may 
be  readily  changed. 
The  form  f  shows 
a  [liece  of  iron  bent 
into  shape  with  the 
dies  shown  in  the 
machine. 

1 3.     Air-Pow- 
er Hulldozer. — A 

very  convenient 
form  of  bnlldozer 
is  driven  by  com- 
pressed air.  The 
movable  die 
keyed  to  a  cross 
head  and  I 
forwards  by 
admission  of 
pressed,    air    i 


,— The  bulldozer,  Fig.  8.  is  really  a  hor- 
s  that  is  used  for  bending  iron  into  the 
required  shape  by  a 
single  stroke.  The 
piece  is  placed  be- 
tween two  dies,  one 
of  which  a  is  sta- 
tionary, while  the 
other  b  slides  on 
horizontal  guides. 
Connecting-rods 
c,  c,  one  on  each  side 
of  the  machine, 
move  the  crosshead 
d  to  which  is  at- 
tached the  die  b. 
be  driven  by  means  of  a  belt,  as  in 
by  a  motor  or  engine  on  the  machine; 


cT^ 


the 
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cj'liiKler.      Till;  iiiachint;  is  SDmcLiiiiea  pl:ii;cd  upon  a  iruck 
so  thai  it  can  be  moved  about  and  is  used  for  light  work. 

14.  Special  Bulldozer  Dle.^-Fig.  0  shows  a  form  of 
die  that  is  admirably  adapted  for  use  in  a  bulldozer.  The 
wings  «',  tv  of  the  die  a  are  folded  up  by  the  die  (/,  thus 
bending  the  iron  without  stretching  it.  The  part  rf  acts 
simply  as  a  cam  to  move  the  wings  of  the  die.  The  illus- 
tration shows  a  piece  b.  with  the  wings  u;  rt'  closed  about 
it;  the  dotted  lines  7c',  ic'  show  the  position  of  the  wings 
when  the  die  is  open. 


HEATING   FURXACES. 

FURNACES  FOH   LIGHT  WORK. 

15.  !Small  Coke  Purnuce. — For  heating  material  to 
be  worked  iiniler  drop  hammt-rs  or  in  forging  machines,  a 
small  coke  furnace,  similar  to  that  illustrated  in  Fig.  10,  is 
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being  bolted  to  the  sicJe  castings  c  and  </.  The  fire  is  sup- 
ported on  the  grate  bars  at  t  and  the  furnace  lined  with  fire- 
brick, as  shown.  The  ashes  are  removed  through  2.  door  al  / 
and  a  suitable  blast  is  usually  maintained  in  the  space 
below  the  grate.  A  bed  of  coke  is  kept  on  the  grate  bars 
at  e  and  Ihe  material  to  be  heated  is  laid  on  it  through  the 
opening  j;.  This  opening  is  provided  with  a  suitable  door 
so  balanced  liy  weights  that  it  can  be  raised  or  lowered. 
The  door  is  raised  while  the  work  or  coke  is  being  put  Jntn 
the  furnace,  but  after  the  pieces  are  in  place  the  door  is  let 
down  in  order  to  prevent  a  rush  of  cold  air  over  the  top  of 
the  fire.  The  door  at  g  is  generally  brick-lined  and  may  be 
water- jacketed.  It  can  be  suspended  by  any  convenient 
arrangement  of  levers  or  chains  and  provided  with  a  couuter- 
balance.  The  waste  gases  escape  through  an  opening  in  the 
back  of  the  furnace. 

16.     Oan-Flred    and    OlI-FIrcd    Furnaces. — Very 

frequently  gas-fired  and  oil-fired  furnaces  are  used  for  heat- 
ing work  for  small  forging  machines.  The  furnace  consists 
of  a  simple  muffle  or  combustion  chamber  in  which  the  work 
is  laid  and  into  which  a  spray  of  oil  mixed  with  the  proper 
amount  of  air,  or  a  stream  of  gas  mixed  with  the  proper 
amount  of  air,  is  introduced  and  burned.  The  furnace  is 
usually  provided  with  an  adjustable  door  similar  to  that  used 
on  the  furnace  shown  in  Fig.  10. 


FURNACES  FOR  HEAVY  WORK. 

17.  Description. — Furnaces  that  are  to  be  used  for 
heating  heavy  pieces,  such  as  are  to  be  worked  in  large  for- 
ging machines,  are  generally  of  the  type  known  as  rrverbera- 
tory  furnaces ;  in  this  type  the  heat  is  reflected  upon  the 
work  from  the  top  of  the  furnace.  This  result  is  obtained 
by  arching  the  ceiling  of  the  furnace,  thus  causing  the 
heated  gases  to  pass  over  the  top  of  the  work.  Besides  this, 
the   heated  ceiling  radiates  its  heat  downwards  in   nearly 
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the  same  manner  that  a  concave  mirror  reflects  the  h'ght 
toward  its  focus.  As  the  heat  in  the  furnace  is  very  great, 
all  parts  with  which  the  heated  gases  come  into  contact  are 
built  of  firebrick  laid  in  fireclay.  The  part  of  the  hearth 
that  is  nearest  to  the  outlet  flue  is  generally  built  with  a 
pitch  toward  the  outlet  that  enables  the  slag  produced  in 
the  furnace  to  flow  toward  the  lowest  point  in  the  flue,  or 
the  stack,  from  which  point  it  can  be  drawn  off  through  the 
slag  hole. 

18.  Fuels. — Coal,  oil,  or  gas  may  be  used  as  fuel  in 
these  furnaces,  but  good  bituminous  coal  is  the  fuel  gener- 
ally used.  The  blast  is  regulated  to  suit  the  conditions  and 
requirements.  The  iron  or  steel  heated  in  these  furnaces 
does  not  come  in  contact  with  the  fuel. 

19.  Reverberatory  Furnace.  —  Figs.  11,  12,  13, 
and  14  illustrate  a  heating  furnace  that  is  used  for  heating 
iron  for  a  steam  hammer.     Fig.  11   shows  a  longitudinal 


Fig.  11. 


section  through  the  furnace.  The  grate  is  situated  at  g 
and  the  fire-door  h  at  the  end  of  the  combustion  chamber 
that  is  in  the  side  of  the  furnace.  The  heat  passes  over 
the  bridge  wall  w  through  the  heating  chamber  s  and  out 
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throug;h  the  flue  k  into  the  stack.    The  ash-pit  is  shown  at  /. 
A  plan  of  the  furnace  is  shown  in  Fig.  \%  a  side  view  in 


Fig.  13,  an  end  view  in  Fig.  14  («),  and  a  cross-suctioi 
Pig.  14  (b). 
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The  illustrations  show  that  the  furnace  has  three  doors  c,  d, 
and  e  on  one  side  and  one  door  f  on  the  side  opposite  the 


door  d.     This  is  for  handling  long  pieces  that  can  be  al- 
lowed  to  project  through  the  doors  on  both  sides.     The 
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fire-door  //  is  on  the  same  aide  as   the  door  f.     The  doors 

re  counterbalanced  by   the  weights  h,   «,  and  are  raised 

and  lowered  by  means  of  the  handles  /,  p.     A  bed  of  sharp 

Band  mixed  with   clay  or  of  coarse  molding  sand  is  spread 

■er  the  hearth  and  the  iron  laid  upon  this.     A  reducing 

'e  is  maintained  to  prevent  oxidizing  the  iron. 

20.  The  slag  formed  during  the  welding  and  fagoting 
processes  Is  drawn  out  through  a  slag  hole  in  the  bottom  of 
tlic  stack  or  at  the  lowest  point  of  the  flue.  All  the  brick- 
ie with  which  the  heat  comes  into  contact  is  built  of  or 
lined  with  firebrick  laid  in  fireclay.  The  blast  pipe  /  opens 
the  ash-pit,  and  a  blast  of  from  8  to  13  ounces  is  main- 
tained, according  to  circumstances.  The  stack  is  about 
23  inches  square. 


Some  furnaces  have  the  counterbalance  levers  and  weights 
lat  the  side,  thus  leaving  the  top  of  the  furnace  clear.  A 
I  boiler  is  frequently  set  above  the  furnace  and  the  waste 
I  heat  from  the  furnace  passed  underneath  it  and  then 
\  through  the  flues  of  the  boiler  before  going  into  the  slack. 
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Ti)  lliis  way  llie  waste  heat  can  be  iililizcd  to  produce  the 
steam  rw|iiired  in  the  smith  shop  for  steam  hammers,  en- 
gines for  driving  fans,  etc. 

21*  Uouble-Ucck  Reverberator^  Furnace. — Fig. 
15  shows  a  longitudinal  section  through  a  furnace  used  for 
case-hardening  and  annealing  and  also  for  heating  iron  for 
forging  and  for  tempering.  Fig.  10  shows  a  horizontal  sec- 
tion through  M  H  op.  Fig.  15.  The  furnace  has  an  upper  and 
a  lower  hearth.     The  upper  hearth   «,   being   nearer   the 


grate  g  and.  therefore,  the  hotter,  is  used  for  tempering  or 
for  heating  iron  for  forging,  while  the  lower  hearth  v,  being 
slower  to  heat,  is  used  for  annealing  or  case-hardening. 
The  doors _/' to  the  hearths  are  on  opposite  sides  of  the  fur- 
nace and  slide  in  vertical  cast-iron  guides. 

The  weight  of  the  door  is  counterbalanced  by  a  weight  «'. 
as  shown  in  Fig.  17.  Each  door  has  a  small  doori/(Fig.  17) 
hinged  to  it,  through  wliich  the  heat  can  be  watched  or 
small  pieces  handled.  The  fire-door  i  is  set  at  the  end  of 
the  grate  and  on  the  side  of  the  furnace,  as  the  fire  can 
be  spread  more  evenly  if  it  is  set  in  this  way,  and  the 
heat  against  the  bridge  wall  will  be  more  evenly  distributed. 


J 
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The  door  k  to  the  ash-pit  /  is  at  the  front  end  of  the  fur- 
nace. The  heat  passes  over 
the  bridge  wall  b,  through 
the  upper  hearth,  thence 
through  the  flues  r,  c  into 
the  lower  hearth.  The 
flues  r,  c  are  4  inches  by 
4  inches  in  size  and  4  inch- 
es of  brickwork  is  left  be- 
tween them  to  support  the 
end  of  the  arch  r.  From 
the  lower  hearth,  the  heat 
enters  two  flues  /",  /",  one 
at  each  side  of  the  hearth, 
which,  later,  converge  into 
one  large  flue  that  opens 
into  the  bottom  of  the 
stack  y.  The  blast  pipe  q 
opens  into  the  end  of  the  ^'^'  ^^* 

ash-pit  and  a  slag  hole  s  is  generally  left  in  the  bottom  of 
the  slack. 


HANDLING  DEVICES. 

22.  Handling  appliances  are  necessary  for  such  heavy 
work  as  requires  a  steam  hammer  in  its  forging.  If  the 
loads  must  be  frequently  carried  between  the  same  points, 
the  hoist  block  may  be  suspended  from  a  trolley  running  on 
an  overhead  rail  r,  as  shown  in  Fig.  18.  In  this  illustration, 
the  portion  of  the  track  between  a  and  b  serves  as  a  switch, 
and  its  position  is  regulated  from  the  floor  by  means  of  the 
handles  ^,  c.  The  traveling  carriage  is  shown  at  d^  and  the 
differential  chain  pulley  is  shown  at  e.  By  putting  switches 
into  the  rails  and  branches  leading  to  the  places  where  the 
hoist  is  needed,  the  efficiency  is  greatly  increased.  These 
switches  must  have  a  guard  to  prevent  derailing  the  trolley, 
or  a  lock  to  make  it  impossiWe  to  turn  the  switch  when  the 
trolley  is  on  one  of  the  branches. 


BLACKSMITHING  AND  FORGING. 


23.     Jll>  Crane, 

another    cunvenient 


ib  crane,   shown  in    Fig.  19.  is 

for    handling:    heavy    pieces. 

Swinging  in  the  arc  nf 

a   circle,   it   completely 

controls     the     inchiticd 


T  r  a  V  e  n  n  s 
Crane.  —  In  smith 
shops  where  very  heavy 
work  is  forged,  a  travel- 
ing   crane    that    spans 


e  width  of  the  shop 
id  travels  throughout 
e  1  e  n  g  t  h  ,  so  as  to 
,nd  the  entire 
shop,  is  very  service- 
able. The  crane  for 
tilts  class  of  work  may 
be  one  of  any  of  the 
ordinary  hand  or  power 
type,  depending  on  the 
class  and  quantity  of 
the  work  to  be  handleil. 
29.  Pneumatic 
Iloldt.  —  A  very  con- 
venient lift  that  may  be 
nsed  in  connection  witii 
any  crane,  or  directly 
on  an  overhead  track, 
is  the  pneitmatic  hoist,  a  form  of  which  is  shown  in  Fig.  20. 
It  consists  of  a  cylinder  c  that  has  a  piston  moving  up- 
wards and  downwards  within  it ;  a  rod  r,  having  an  eye  e  in 
its  lower  end,  is  attached  to  the  piston.     Compressed  air 
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from  a  pipe  /  is  admitted  into  the  lower  end  of  the 
cylinder  through  the  three--way  valve  v,  and  may  be  dis- 
charged into  the  outer  air  from  the  cylinder  through 
the  same  valve.     Pulling  the  hand  chain  on  one  end  of  the 


z 

»    o 


Fig.  19. 


controlling  lever  admits  the  compressed  air,  forcing  the 
piston  upwards  in  the  cylinder  and  lifting  the  load  attached 
to  the  eye;  pulling  the  chain  attached  to  the  other  end 
causes  the  discharge  of  the  compressed  air  from  the  cylinder 
and  lowers  the  load. 


26*     Relative  Advantaf^ea  of  Handling  Devices. 

The  stationary  differential  chain  block  or  pneumatic  hoist 
can  be  used  only  at  one  point,,  but  when  it  is  suspended 
from  a  trolley  running  along  a  ceiling  rail,  its  efficiency  is 
extended  to  all  points  on  the  floor  under  the  rail.     By  the 
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use  of  switches,  sidings,  etc.,  this  field  of  iisefuhiess  may  be 
greatly  increased ;  nevertheless,  it  will  require  a  very  com- 
plicated system  of  switches  to  make  this  form  of  lifting  and 
conveying  thoroughly  efficient  even  for  a  comparatively 
small  space.     The  jib  crane  gives  absolute  control  over  the 

space  it  covers,  which  is  a  circle  hav- 
Ijl)         /^^/^^      ^"^  ^^^  center  at  the  standard  of  the 
Hi  yx^JAV^J)      crane,  and  by  using  several  jib  cranes 

the  work  may  be  passed  from  one  to 
the  other.  The  traveling  crane,  how- 
ever, makes  it  possible  to  reach  any 
point  of  the  space  between  the  rails. 


Fig.  20. 


RIVETING. 

27*     General    Remarks. — It    is 

frequently  necessary  to  fasten  two 
pieces  of  iron  together  where  a  weld 
cannot  be  made  and  where  soldering 
would  not  be  strong  enough  or  where 
it  would  be  inconvenient.  In  such  a 
case,  rlvetlnd^  is  generally  resorted 
to.  Holes  arc  punched  through  both 
pieces  and  a  rivet,  which  is  a  pin  having  a  head  at  one  end, 
is  put  through  the  holes  in  both  pietx^s  and  the  plain  end 
upset  so  as  to  form  a  second  head.  Riveting  may  be  done 
cold,  but  if  a  tight  joint  is  required  the  rivet  is  heated  and 
headed  while  hot.  In  cooling  it  will  contract  and  draw  the 
heads  together,  thus  making  the  joint  tighter.  The  holes 
for  riveting  are  generally  punched.  This  makes  them 
slightly  tapering,  and  if  two  punched  plates  are  brought 
together  the  holes  may  come  together  in  three  different 
ways,  as  are  shown  in  Fig.  21,  (<?),  {/?),  and  {t).  If  the  rivets 
are  hot  enough,  they  will  fill  the  holes  in  any  rase,  but 
passing  them  through  the  cold  plates  frequently  chills  them 
so  that  they  will  not  upset  sufficiently  to  do  this.     For  this 
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reasuii  llit  holcrf  should  always  be  drifletl.  or,  bet 
reamed  out  after  the  |il; 
as  shown  in  Fig.  21  {i 
The   drift  pin   h 

moot  h ,  slightly 
pcred  pin  that  is  ilrii 
into  ihe  holes  lo  ex- 
pand ihem  in  [iIirum 
here  they  arc  too 
'small,  ihusgiviiijf  ihcm 
even  taper.  The 
.mer  accomplishes 
tUe  same  result  by  cut- 
ting away  the  project- 
ing metal.  The  hot  rivet  is  then  put  into  the  hole  and  a 
heavy  piece  of  iron  or  a  hammer  is  held  against  the  head 
while  the  point  has  the  second  head  formed  upon  it.  The 
body  of  the  rivet  shou  Id  completeLy  fill  the  holes  in  the  plates,  . 

28.  Klvetlnie  Machines. — Where  a  large  nuniher  of 
rivets  are  lo  be  headed,  the  work  is  done  by  machinery, 
which  does  it  mnch  faster  and,  therefore,  better  than  can  he 
done  by  hand,  because  the  rivet  is  headed  before  it  has  had 
time  to  cool.  The  plunger  of  the  riveting  machine  is 
sometimes  driven  by  compressed  air  at  the  rate  of  several 
iiundrcd  blows  per  minute,  and  in  upsetting  iron,  for  rivet- 
ing is  nothing  but  upsetting,  the  velocity  of  the  blows 
nts  far  more  than  does  their  weight.  In  forming  the 
head,  sharp  blows  with  a  light  hammer  upset  and  spread 
the  iron,  while  heavy  blows  tend  to  bend  it.  Another  form 
■of  riveting  machine  presses  the  end  of  the  rivet  into  a  head 
»y  forcing  a  forming  die  against  it.  These  machines  are 
[enerally  driven  hy  compressed  air  or  by  hydraulic  pressure, 
ind  give  satisfactory  results,  as  the  flow  of  (he  metal  under 
iressiirc  rompletely  fills  the  rivet  holes.  In  taking  riveted 
plates  apart,  it  is  better  to  drill  the  rivets  out  than  to  drive 
'them  through. 
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MISCELLANEOUS. 


case-hardening  cast  iron. 

29*     Solution  for  Case-HardenlnsT  Cast-iron  Dies. 

Dies,  etc. ,  made  of  cast  iron  may  be  case-hardened  by  heat- 
ing them  to  a  cherry  red  and  then  chilling  them  in  the  follow- 
ing solution :  1  quart  oil  of  vitriol,  4  pecks  of  salt,  8  pounds  of 
alum,  1  pound  yellow  prussiate  of  potash,  1  pound  cyanide  of 
potash,  2  pounds  saltpeter,  which  ingredients  have  been  dis- 
solved and  mixed  in  40  gallons  of  water,  the  cyanide  of  potash 
and  yellow  prussiate  of  potash  being  dissolved  in  hot  water 
and  the  others  in  cold.  If  one  heating  and  chilling  does  not 
harden  the  die  enough,  the  process  may  be  repeated. 


STRETCHING  IRON. 

30.  Shrinking. — Heating  a  body  of  metal  expands  it. 
The  blacksmith  makes  use  of  this  fact  in  shrinking  on  bands, 
hoops,  collars,  etc.  The  ring  or  collar  to  be  shrunk  on  is 
heated  to  an  even  red  heat,  then  slipped  into  its  place  and 
cooled.  Iron  stretches  about  ^  inch  to  the  foot  when  heated 
from  a  normal  temperature  to  a  medium-red  heat. 

31.  Peenlng. — Iron  may  be  stretched  by  pccning  it; 
that  is,  by  striking  it  with  the  peen  of  a  hammer.  This 
method  is  often  used  to  loosen  a  collar  or  a  nut.  A  little 
benzine  or  kerosene  poured  into  the  joint  will  loosen  any 
rust  that  may  be  between  the  surfaces. 


RUST  JOINT. 

32.  If  it  is  desired  to  cement  a  hole  or  crack  in  iron,  it 
can  be  done  by  ramming  into  the  hole  the  following  mixture 
as  soon  as  prepared :  5  pounds  of  cast-iron  borings  and 
2  ounces  of  sal  ammoniac  that  have  been  made  into  a  thick 
paste  by  the  addition  oi  water.  If  only  1  ounce  of  sal  ammo- 
niac is  used,  the  cement  will  set  slower  but  it  will  be  stronger. 
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TABLES. 


TEMPERATURES. 

33.  The  temperatures  given  in  Table  I  have  been 
adopted  as  standards  in  work  conducted  at  the  plant  of 
the  Bethlehem  Steel  Company,  South  Bethlehem,  Penn- 
sylvania, by  Messrs.  Taylor  and  White,  who  have  carried  on 
quite  extensive  experiments  in  regard  to  temperatures. 


TABLE    I. 


TBMPBRATURBS  CORRESPONDING  TO  VARIOUS  COLORS. 


Color. 


Temperature. 
Degrees  F. 


Dark  blood  red,  black  red 

Dark  red,  blood  red,  low  red 

Dark  cherry  red 

Medium  cherry  red 

Cherry,  full  red 

Light  cherry  red,  bright  cherry  red,  scaling 

heat,*  light  red 

Salmon,  orange,  free-scaling  heat 

Light  salmon,  light  orange 

Yellow 

Light  yellow , . 

White 


1)90° 
1,050° 
1,175° 
1,250° 
1,375° 

1,550° 

1,650° 

1,725° 

1,825° 

1,975 

2,200 


sO 


*  Heat  at  which  scale  forms  and  adheres,  i.  e.,  does  not  fall  away 
from  the  piece  when  allowed  to  cool  in  air. 

34.  The  following  tables  will  be  found  of  use  in  the 
various  calculations  necessary  in  the  smith  shop.  Table  II 
gives  the  weight  of  square  and  round-rolled  wrought-iron 
bars;  Table  III,  the  weight  of  flat  bar  iron;  Table  IV,  the 
weight  of  sheet  iron ;  and  Table  V,  the  weight  of  a  given 
volume  of  different  metals  in  common  use. 


TABLE  II. 


l^BIGHT  OF  SQUARB  AND  ROUND-ROLLED  l^ROUGHT 

IRON    1    FOOT  IN  LENGTH. 


Side  or 

Diameter. 

Inches. 

1 

Weight  of       1 
Square  Iron. 

Pounds. 

1 

1 

Weight  of     ! 
Round  Iron. 
Pounds. 

Side  or 
Diameter. 

Inches.         i 

f 

1 

Weight  of 
Square  Iron.    , 
Pounds. 

1 

Weight  of 
Round  Iron. 
Pounds.        1 

tV 

.013 

.010 

■tft 

04. 700 

50.810 

i 

.053 

.041 

;     \ 

(58.450 

53.760 

tV 

.118 

.093 

1 

72. 300 

56.790 

t . 

211 

.165  ; 

i 

7G.2G0 

59.900 

f 

.  475 

.373     i 

\ 

80. 330 

63.090 

h 

.845 

.(>63     1 

0 

84.480 

66. 350 

t 

1.320 

1.043 

A 

88.780 

69. 730 

4 

< 

1.901 

1.493 

i 

93.170 

73.170 

1 

i 

2.588 

2.032 

f 

97.6G0 

76.700 

1 

3.380 

2.054 

h 

102.240 

80. 300 

k 

4.278 

3.359 

f 

100.950 

84.000 

* ' 

5.280 

4.147 

f 

111.750 

87.770 

* 

0.390 

5.019 

I 

110.070 

91.0.S0 

* 

7.G04 

5.972 

1      \) 

121.000 

95.5.50 

\ 

S.920 

7.010 

i 

132.040 

103.:(H) 

f 

1().3.V2 

8.128 

i 

142.820 

11 -2.1 00 

\ 

11.8S3 

9.333     ' 

f 

154.010 

120.00«> 

0 

13..')20 

10.020 

7 

105.030 

130.  Hon 

1.5.203 

11.990     , 

— 

177.070 

139.54n 

■' 

17.112 

13.440 

i  ■ 

6 

19(M4() 

149.3:3(> 

j 

19.000 

14.980 

i 

203.020 

159.40«> 

i 

21.120 

10.590 

8 

210.3.30 

109.S00 

\ 

23.292 

18.290 

— 

230.000 

ISO.  70(1 

i 

2.5. 500 

20.080 

1              1 

244.220 

191.81«i 

i 

27.939 

21.940     ' 

:    i 

258.800 

203.t>(:n 

3 

.30.410 

23.890     ; 

9 

273.790 

215.04c 

i 

33.010 

25.930 

i 

289.220 

227.1.'»o 

i 

3.5.704 

28.040 

i 

305.000 

239.<"»oo 

f 

.38.500 

.30.240 

k 

2.52.380 

i 

41.408 

32.510 

10 

205.400 

S-      i 

44.420 

34.890     ' 

i 

27S.9x>0 

f 

47.534 

i 

292, 090 

* 

50.700 

39.800     ' 

i 

306.800 

4 

54.080 

42.400 

11 

321.2t>o 

i 

57 .  5\i> 

\     \;>.rAN 

\ 

\ 

336.000 

i 

r,\.or>o 

\     ri.^^T>v^ 

\  ^^\AO0 

TABLE  III. 


mreiGHT  OP  A  L.INBAL.  FOOT  OF  FLAT  BAR   IRON 

IN  POUNDS. 


Thickness 

in  Fractions  of  Inches. 

go 

u  C 

i 

A 

* 

tV 

i 

i 

t 

i 

1 

1 

.83 

1.04 

1.25 

1.46 

1.67 

2.08 

2.50 

2.92 

3.34 

H 

.93 

1.17 

1.40 

1.64 

1.87 

2.34 

2.81 

3.28 

3.75 

U 

1.04 

1.30 

1.56 

1.82 

2.08 

2.60 

3.13 

3.65 

4.17 

If 

1.14 

1.43 

1.72 

2.00 

2.29 

2.87 

3.44 

4.01 

4.59 

H 

1.25 

1.56 

1.87 

2.19 

2.50 

3.13 

3.75 

4.38 

5.00 

If 

1.35 

1.69 

2.03 

2.37 

2.71 

3.39 

4.07 

4.70 

5.43 

If 

1.46 

1.82 

2.19 

2.55 

2.92 

3.65 

4.38 

5.11 

5.84 

H 

1.5G 

1.95 

2.34 

2.74 

3.13 

3.92 

4.69 

5.47 

6.26 

2 

1.67 

2.08 

2.50 

2.92 

3.34 

4.17 

5.01 

5.86 

6.68 

24 

1.77 

2.21 

2.66 

3.10 

3.55 

4.43 

5.32 

6.21 

7.10 

H 

1.87 

2.34 

2.81 

3.28 

3.76 

4.69 

5.63 

6.57 

7.52 

H 

1.98 

2.47 

2.97 

3.47 

3.96 

4.95 

5.95 

6.94 

7.93 

H 

2.08 

2.60 

3.13 

3.65 

4.17 

5.21 

6.26 

7.30 

8.35 

n 

2.19 

2.74 

3.28 

3. 83 

4.38 

5.47 

6.57 

7.67 

8.77 

2f 

2.29 

2.87 

3.44 

4.01 

4.59 

5.74 

6. 88 

8.03 

9.18 

H 

2.40 

3.00 

3.60 

4.20 

4.80 

6.00 

7.20 

8.40 

9.60 

3 

2.50 

3. 13 

3.75 

4.38 

5.01 

6.26 

7.51 

8.76 

10.02 

3i 

2.71 

3. 39 

4.07 

4.74 

5.43 

6.78 

8.14 

9.49 

10.86 

3J 

2.92 

3.65 

4.38 

5.11 

5.84 

7. 30 

8.76 

10.23 

11.69 

3| 

3.13 

3.91 

4.68 

5.47 

6.26 

7.82 

9.39 

10.95 

12.52 

4 

3.34 

4.17 

5.00 

5.84 

6.68 

8.35 

10.02 

11.69 

13.36 

H 

3.54 

4.43 

5.32 

6.21 

7.09 

8.87 

10.64 

12.42 

14.19 

H 

3.75 

4.69 

5.63 

6.57 

7.51 

9.39 

11.27 

13.15 

15.03 

41 

4.06 

4.95 

5.94 

6.94 

7.93 

9.91 

11.89 

13.88 

15.86 

5 

4.17 

5.21 

6.26 

7. 30 

8.35 

10.44 

12.52 

14.61 

16.70 

H 

4.38 

5.47 

6.57 

7.67 

8.76 

10.96 

13.14 

15.34 

17.53 

5i 

4.59 

5.73 

6.88 

8.03 

9.18 

11.48 

13.77 

16.07 

18.37 

5i 

4.80 

6.00 

7.20 

8.40 

9.60 

12.00 

14.40 

16.80 

19.20 

6 

5.01 

6.25 

7.51 

8.76 

10.02 

12.53 

15.03 

17.53 

20.05 

TABLE    IV. 


l^BIGHT  OF  SHBBT  AND   PLATB  IRON. 

Thickness  by  Birmingham  Wire  Gauge  and  Inches—  Weight 
of  a  Square  Foot  in  Founds. 


Thickness. 

Weight. 
Pounds. 

1 

B.  W. 
Gauge. 

Thickness. 

•     • 

B.  W. 
Gauge. 

Part  of  an  Inch. 

Part  of  an  Inch. 

Weigl 
Pounc 

3(5 

. 00400 

.120 

11 

.12000 

4.480 

35 

. 00500 

.202 

\   or  .  12500 

5.054 

34 

. 00700 

.283 

10 

.13400 

5.426 

33 

.00800 

.322 

9 

.14800 

5.980 

32 

.00900 

.364 

^  or  .  1 5620 

6.305 

31 

.01000 

.405 

8 

. 1 6500 

6. 605 

30 

.01200 

.485 

7 

.18000 

7.270 

29 

.01300 

.526 

-iV  or  .  18750 

7.578 

28 

.01400 

.594 

0 

.20300 

8.005 

27 

.01000 

.077 

^Vor  .21870 

8.790 

20 

.01800 

.755 

5 

. 22000 

8.912 

25 

. 02000 

.811 

4 

. 23800 

9.020 

24 

. 02200 

.912 

\   or  .25000 

10.090 

23 

.02500 

1.078 

3 

. 25900 

10.370 

22 

. 02800 

1.137 

-aVor  .28120 

11.380 

aVor  .03125 

1.259 

2 

. 28400 

11.525 

21 

. 03200 

1.310 

1 

. 30000 

12.150 

20 

. 03500 

1.410 

^^  or  .31250 

12.580 

19 

. 04200 

1.095 

0 

. 34000 

13.750 

18 

. 04900 

1.975 

^i  or  .34370 

13.875 

17 

.05800 

2.350 

f  or  .37500 

15.100 

10 

. 00500 

2.()37 

00 

. 38000 

15.200 

,Vor  .00250 

2.518 

y  or  .40020 

10.320 

15 

.07200 

.  2.920 

000 

. 42500 

17.125 

14 

. 08300 

3. 350 

1 

1 

\ 

-,V  or  .43750 

17.050 

^\  or  .09370 

3.780 

oooo 

.45400 

18.300 

13 

.09500 

3.850 

1 

\  \  or  .  40070 

18.900 

12 

.10900 

4.40()  ; 

1 

^   or  .50000 

20.000 
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TABLE   V. 


mrBIGHTS  AND  VOLUMES  OP  VARIOUS  METALS 

IN  ORDINARY  USB. 


Metals. 


Brass 

Brass,  sheets 

Brass,  wire 

Copper,  cast 

Copper,  plates 

Iron,  cast 

Iron,  plates 

Iron,  wrought  bars 

Lead,  cast 

Lead,  rolled 

Mercury,  60"*  F 

Steel,  plates 

Steel,  soft 

Tin 

Zinc,  cast 

Zinc,  rolled 


Weight  of 

a  Cubic  Foot. 

Pounds. 


488. 75 
513.60 
524.16 
547.25 
543.62 
450. 43 
481.50 
486.75 
709.50 
711.75 
848.74 
490.00 
489.56 
455.68 
428.81 
449.28 


Weight  t)f  a 

Cubic  Inch. 

Pounds. 


.282 
.297 
.303 
.317 
.316 
.260 
.278 
.281 
.410 
.411 
.491 
.282 
.283 
.263 
.248 
.260 


TABLE    VL 


mreiGHT,  VOLUME,  AND  MBASURB  OF  W^ATBR. 


Weight. 


8J  pounds 

62^  pounds 

1  pound 


Volume. 


231  cubic  inches 

1  cubic  foot 
27.8  cubic  inches 


Measure. 


1  gullon 
k  gallons 
1.04  pints 


I 
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SOLDERING,  BRAZING,  AND 

SWEATING. 


SOLDERING. 

35.  Definition. — Welding  is  the  process  of  uniting 
two  pieces  of  metal  by  heating  them  to  a  high  temperature, 
or  until  the  surfaces  become  partly  fluid,  and  then  forcing 
them  together  by  pressure  or  by  hammering.  The  two 
pieces  can  also  be  united  by  covering  the  surfaces  that  are 
to  be  joined  with  a  molten  metal  and  immediately  pressing 
them  together;  or  the  molten  metal  may  be  made  to  flow 
between  them.  This  operation  is  called  soldering,  siw'eat- 
ing,  or  brazing,  according  to  the  manner  in  which  it  is 
done  and  the  metal  used  in  making  the  joint. 

36.  ClaHses  of  Solder. — The  fusible  metal,  or  solder, 
used  for  this  purpose  may  be  divided  into  two  kinds,  which 
are  known  as  soft  solder  and  hard  solder,  Soft  solder  is 
composed  of  lead  and  tin,  while  hard  solder  consists  of 
copper  and  zinc,  or  copper,  zinc,  and  silver.  The  hard 
solder  is  often  called  spelter,  and  is  used  for  brazing.  The 
pro[)orLions  in  which  the  various  metals  enter  into  both  the 
soft  solder  and  the  hard  solder,  and  the  uses  of  each,  are  fully 
ex[)lained  later.  The  terms  soft  soldering  and  hard  S(^lder- 
ing,  or  brazing,  come  from  the  kinds  of  solder  required  for 
the  classes  of  work  to  which  they  are  api)lied. 

37.  Kquipnient.  —  The  equipment  required  for  ordi- 
nary soldering  is  very  simple,  consisting  of  a  soldering  iron, 
a  fire-pot  in  w^hich  to  heat  it,  the  solder,  and  a  flux  to  clean 
the  surfaces  that  are  to  be  united  and  to  assist  in  the  flow 
of  the  solder. 

The  solderin];;  iron,  sometimes  called  a  bolt  or  bit,  isa 
large  piece  of  copper  that  is  drawn  to  a  point  or  edge  and  fast- 
ened to  an  iron  rod  having  a  wooden  handle.  Thisissho\ni 
in   Fig.  22.      The  solder  consists  of  equal  parts  of  lead  and 
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tin  melted  together  and  cast  into  a  stick  of  convenient  shape 
to  handle.  The  fluxes  vary  according  to  the  metal  and 
the  solder.     The  fire-pot  may  have  any  one  of  a  variety 


Fig.  22. 

of  forms.  One  of  the  best  is  a  small,  portable,  charcoal 
stove;  and  one  of  the  most  convenient,  a  small  gasoline 
furnace. 

38.  Soldering:  Fluid.— Of  all  the  fluxes  used  for  soft 
soldering^  the  solderlns:  fluid  possesses  the  greatest  range 
of  usefulness.  It  is  made  by  placing  some  small  clippings 
of  zinc  in  muriatic  (hydrochloric)  acid  that  has  been  di- 
luted with  an  equal  quantity  of  water.  The  acid  vigorously 
attacks  the  zinc,  causing  bubbles  to  rise.  When  the  acid 
has  dissolved  all  the  zinc  possible  (which  will  take  one  hour 
or  more),  the  liquid  is-  strained  and  thinned  by  adding  an 
equal  bulk  of  water.  A  few  scraps  of  zinc  are  then  placed 
into  the  liquid  to  supply  any  deficiency  that  may  exist  or 
occur. 

39*  TinnlnK  the  Soldering  Bolt. — Although  a  new 
soldering  iron  (copper)  is  always  tinned,  still  it  may  be 
necessary  to  tin  it  in  the  course  of  time  as  the  tin  burns 
off.  If  the  bolt  has  been  used  and  the  tin  burned  off  in 
spots,  it  should  be  retinned.  The  copper  head  is  filed 
bright  and  smooth  with  an  old  bastard  file  as  far  back  as 
it  is  to  be  tinned.  A  lump  of  sal  ammoniac  and  a  stick  of 
solder  are  then  placed  in  readiness  and  the  bolt  put  into  the 
fire  and  heated  slowly  in  order  that  the  heat  may  soak  in. 
When  the  heat  in  the  forge  acquires  a  green  tinge  (which  is 
a  sign  that  the  copper  is  burning),  the  bolt  is  taken  from 
the  fire,  and  it  will  be  found  that  it  is  just  beginning  to 
show  its  heat.  The  bolt  is  now  rubbed  clean  with  a  rag, 
and  one  of  the  faces  rubbed  on  the  lump  of  sal  ammoniac. 
This  soon  burns  a  trough  into  the  lump  and  a  few  small 
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chips  of  solder  are  laid  in  this  trough  and  the  bolt  rubbed 
over  it  again,  thus  melting  the  solder,  which  will  stick  to 
the  copper.  When  all  sides  and  the  edge  have  been  care- 
fully tinned,  the  bolt  should  present  a  bright,  glossy  sur- 
face and  be  evenly  tinned.  The  bolt  may  also  be  tinned  by 
placing  some  sal  ammoniac  or  resin  on  a  block  of  wood  and 
rubbing  the  bolt  over  it.  When  some  of  the  material  is 
melted,  add  some  solder  and  rub  until  the  bolt  is  well 
coated  with  the  metal. 

40«  Making  the  Joint. — If  two  pieces  of  sheet  brass, 
like  those  shown  in  Fig.  23,  are  to  be  soldered  together, 

the  surfaces  to  be  soldered  are 
first  thoroughly  cleaned  with 
emery  cloth  and  a  little  of  the 
soldering  fluid  applied  with  a 
^'°-  ^'  small  brush  or  a  feather.     The 

bolt  is  then  heated  to  a  little  less  than  a  black  heat.  The 
heat  can  be  determined  by  striking  the  bolt  a  quick  glan- 
cing blow  with  the  left  hand ;  this  brushes  off  the  ashes  and 
exposes  the  tin.  If  the  bolt  is  hot  enough,  the  tin  is  molten 
and  has  a  streaked  appearance  when  the  hand  is  brushed 
over  it.  With  a  little  experience,  the  proper  heat  can  be 
easily  recognized  by  this  method. 

When  the  bolt  has  the  proper  heat,  a  drop  of  solder  is 
melted  from  the  stick  and  allowed  to  fall  upon  one  of  the 
fluxed  surfaces  and  is  melted  to  it  with  the  hot  bolt,  care 
being  taken  to  get  the  surface  well  tinned.  The  other  piece 
is  then  prepared  in  the  same  way  and  both  pieces  placed  in 
position  and  pressed  together  with  the  hot  bolt.  The  heat 
from  the  bolt  heats  the  piece  of  brass  and  melts  the  solder 
on  the  surfaces;  the  pieces  are  then  held  together  until 
the  solder  has  become  hard.  The  acid  that  still  adheres 
to  the  pieces  must  be  washed  off  so  as  not  to  corrode  the 
brass. 

The  method  just  given  is  the  one  generally  used  for  ma- 
king soldered  joints.  Of  course,  it  is  varied  slightly  to  suit 
conditions,  as,  for  instance,  when  two  pieces  are  laid  edge 
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to  edge  and  the  molten  solder  is  drawn  along  by  means  of 
the  hot  soldering  iron.  In  the  main,  however,  this  method 
is  the  one  used  for  general  work;  and  the  ability  to  make 
neat  and  fast  joints  is  a  matter  of  practice. 

41.  Soldering  Fluxes. — Different  fluxes  may  be  used 
on  different  metals.  Sal  ammoniac  is  the  one  that  is  com- 
monly used  on  copper  or  brass;  borax  on  iron;  resin  on 
tinned  iron;  and  resin  or  tallow  on  lead.  The  soldering 
fluid,  however,  is  the  best  all-around  flux.  By  adding 
^  ounce  of  sal  ammoniac  to  4  ounces  of  the  liquid,  it  can  be 
used  in  soldering  iron  or  steel  without  first  having  to  tin 
the  surfaces. 


BRAZING. 

42.  Definition. — Brazing:  is  a  process  of  soldering 
with  a  less  fusible  solder  (generally  called  spelter)  which  is 
made  of  copper  and  zinc,  the  proportions  being  varied 
to  suit  the  requirements,  copper  making  it  hard:  1  part 
of  copper  and  1  part  of  zinc  make  a  good  soft  spelter; 
65  parts  of  copper  and  35  parts  of  zinc  make  a  good  hard 
spelter;  13  parts  of  copper,  5  parts  of  zinc,  and  82  parts  of 
silver  make  a  good  spelter  for  soldering  band  saws.  The 
component  parts  are  fused  together,  then  filed  to  a  coarse 
powder,  and  m,ade  into  a  paste  by  the  addition  of  calcined 
borax  and  water. 

43*     Brazing  the  Joint  of  a  Pair  of  Tiiveezers. — 

As  an  illustration,  a  pair  of  tweezers.  Fig.  24,  affords  a 
good  example  of  flat  brazing.  The  pieces  are  forged  to  the 
desired  shape  and  tempered  to  a  dark-blue  color.  The  sur- 
faces to  be  brazed  are  then  cleaned,  some  of  the  spelter  is 
applied  to  each  surface,  and  the  pieces  tied  together  with  a 
fine  iron  wire  and  heated  sufficiently  to  melt  the  spelter. 
The  heat  may  be  applied  with  a  blowpipe  or  by  holding  the 
pieces  in  a  pair  of  hot  tongs.     When  the  spelter  is  melted, 
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the  piece  is  cooled  and  the  iron  wire  taken  off.  When  the 
pieces  are  clamped  in  hot  tongs,  the  iron  wire  is  some- 
times  omitted,    the    pieces    being    placed    in    their    proper 
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relation  and  the  tongs  depended  on  to  keep  them  there, 
or  stops  may  be  arranged  to  determine  the  location  of 
the  pieces. 

44.  Brazing:  Tern  per  ed-St  eel  Artlclen. — In  brazing 
a  tempered-steel  article,  it  is  of  great  importance  to  heat  the 
article  so  as  to  draw  the  temper  as  little  as  possible.  The 
selection  of  the  proper  spelter  or  solder  is  also  of  great  im- 
portance. If  an  article  tempered  to  a  dark-blue  color  is  to 
be  soldered  without  spoiling  the  temper,  a  solder  that  will 
melt  below  GOO''  F.  must  be  used;  as  this  solder  is  not  so 
strong  as  the  harder  kinds,  the  soldered  surfaces  must  l><- 
i^rcater  so  as  to  give  a  hold  equally  as  <;o()d. 

WluMi  tcnii)ering  steel  articles  that  are  to  be  brazed,  llit 
pieces  arc  sonictinies  held  together  by  snapping  a  small 
metal  clip  over  tlii^  joint  and  so  pressing  it  home  that  it  will 
retain  the  j)i('ccs  in  their  proper  position.  This  clip  i^left  on 
after  the  brazing  is  completed  and  wdiile  the  piece  is  Wuv^ 
trinper(Hl,  provided  the  tempering  is  done  after  the  l)razini:. 
Hy  this  means,  the  pieces  may  be  brazed  with  hard  solder, 
or  silver,  and  subsequently  tempered,  the  clip  or  clamp 
l)eing  reinovt'd  after  the  work  is  finished. 

45.  Hiitt  Hnixltm. — If  two  thin  pieces  are  to  be  butt- 
brazed,  the  pieces  must  be  held  in  position  in  a  bench  vise, 
hand  vise,  or  clamp,  and  the  heat  applied  with  a  pair  nf 
tongs  or  a  blowpipe.  Th(^  surfaces  to  be  brazed  are  lluxed 
with  borax  and  then  clamped  in  position  and  a  little  spelter 
s[)rinkled  on  the  side  over  the  joint.      Heat   is   then. applied 
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by  means  of  a  blowpipe,  a  Bunsen  burner,  or  a  hot  iron, 
until  the  pieces  are  hot  enough  to  melt  the  spelter,  which 
will  then  flow  into  the  crack.  By  giving  one  of  the  pieces  a 
slight  tap  on  the  end,  the  pieces  are  brought  tightly  together. 
They  are  then  allowed  to  cool  and  the  superfluous  spelter  is 
scraped  off. 

46.  Lap  Brazing:. — Band  saws  are  always  lap-brazed, 
the  two  ends  being  filed  to  make  an  accurate  joint.  Silver 
solder  is  generally  used,  it  being  applied  between  the  .two 
surfaces;  or  the  surfaces  are  coated  with  borax  and  the 
solder  allowed  to  flow  into  the  joint  from  the  edges.  Fig.  25 
shows  the  two  ends  of  a  band  saw  filed  for  brazing.     The 
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pieces  are  clamped  together  or  tied  with  a  wire  after  hav- 
ing been  fluxed.  The  spelter  is  laid  over  the  joint,  or  it 
may  be  put  between  the  pieces.  When  the  heat  is  applied, 
the  spelter  melts  and  the  pieces  must  be  squeezed  tightly 
together.  Silver  coins  contain  10  per  cent,  of  copper,  and 
make  a  good  hard  solder.  The  coin  is  pounded  out  until 
thin  and  then  clamped  between  the  surfaces  to  be  brazed 
and  the  heat  applied. 


SWEATING. 

47.  Application. — S^iveatini^  is  the  name  for  another 
method  of  uniting  two  pieces  by  means  of  a  solder.  In 
boring  out  boxes  for  bearings,  the  pieces  are  sometimes 
sweated  together  and  then  bored  and  finished.  After  this 
they  are  again  heated  in  order  to  melt  the  solder,  and  the 


pieces  tiiken  apart.  When  brass  b".xes  are  sweated  together, 
liners  a,  n.  Fig.  2(1,  aie  sumetimes  placed  between  them  to 
allow  for  wear  when  they 
are  in  (he  machine.  The 
illustration  shows  a  pair 
vf  brasses  6,  b  sweated 
tijjfether  in  this  way. 
The  faces  of  the  brasses 
and  the  liners  are  planed 
smooth  and  rubbed 
bright.  They  are  then 
heated  in  the  forge,  and, 
when  hot,  the  brasses 
fluxed  with  sal  ammoniac 
and  tinned  by  the  method 
employed  in  tinning  the 
soldering  copper.  The 
F'o  «  liners,     if    of     iron,     are 

fluxed  with  borax  and  tinned.  The  pieces  are  then  put 
together  and  heated  sufficiently  to  melt  the  solder.  If  not 
heavy  enough  to  make  a  tight  joint,  they  are  weighted 
down  until  cold.  When  the  pieces  have  been  bored  out 
and  finished  in  the  machine  shop,  they  are  melted  apart  and 
the  liners  taken  out. 


BENDING   BRASS   AXI)  COPPER    PIPE. 

46.  Anneallnii:  Brass  and  Cnppvr  Pipe. — When- 
ever a  piece  of  brass  or  copper  pipe  or  tubing  is  to  be  bent 
or  shaped,  the  piece  must  first  be  annealed;  this  process 
should  make  it  so  soft  that  the  smaller  sizes  can  be  bent  by 
hand.  Annealing  is  accomplished  by  evenly  heating  the 
meta!  to  a  dull-red  heat  and  then  plunging  it  into  cold 
water;  but  care  must  be  taken  nnt  to  overheat  brass. 

49.  Bendlne  Small  TuMnfc.— The  simplest  way  to 
make  a  liend  in  a  small  tube  is  lo  tnrii  a  block  of  hard  wood 
to  the  radius  of  the  desired  curve  and  then  bend  the  pips  • 
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about  the  block.     When  the  radius  is  small,  this  may  be 

done  as  shown  in  Fig.  27,  a  being  the  block  about  which 

the  pipe  is  to  be  bent  and  d  a  square 

block  of   the  same  thickness,  which  is 

also  clamped  in  a  vise  so  as  to  act  as  a 

stop   for  holding  the  end  of   the   pipe     r~ 

during    the    bending.       After    the   two 

blocks  a  and  d  are  so  placed  that  the 

pipe  can  just  be  slipped  between  them, 

the  end  of  the  pipe  c  is  slipped  through 

to  the  point  where  it  is  desired  to  form 

the   bend,   and   the   other   end   carried 

about,  as  indicated  by  the  dotted  lines,  '   ** 

to  the  desired  angle.     If  a  greater  bend  than  180°  is  made, 

it  is  sometimes  difficult  to  remove  the  wooden  block  from 

the  tubing.     In  some  cases  a  groove  is  turned  about  the 

block  a^  the  radius  of  the  groove  being  equal  to  the  radius 

of  the  pipe,  so  that  the  pipe  will  bed  itself  in  the  groove 

while  being  bent.     This  simple  device  will  serve  to  bend 

pipe  up  to  f  inch  in  diameter,  and  is  sometimes  used  for 

larger  sizes. 

50*     Support  of  Tubing:  While  It  Is  Beins  Bent. 

In  order  to  prevent  the  tubing  from  kinking  or  flattening 
while  being  bent,  it  is  necessary  to  fill  the  inside  with  some 
substance.  Sometimes,  when  there  is  a  thread  on  each  end 
of  the  tube,  it  is  filled  with  sand  and  a  cap  screwed  on  each 
end,  or  the  tube  may  be  filled  with  water  and  the  ends 
capped.  When  water  is  used  as  a  filling  material  in  a  pipe, 
care  must  be  taken  to  absolutely  fill  the  pipe,  for  if  it  con- 
tains any  air  the  latter  may  be  compressed  and  allow  the 
pipe  to  flatten  at  some  point.  The  more  common  practice 
is  to  fill  the  tube  with  melted  resin  and  allow  this  to  harden. 
During  bending  the  resin  will  be  pulverized,  but  it  will  pre- 
vent the  tube  from  flattening.  After  the  bend  is  made,  the 
resin  can  easily  be  melted  and  run  out.  Pipes  less  than 
f  inch  in  diameter  are  bent  without  filling.  Occasionally, 
if  the  metal  is  thick,  it  is  possible  to  bend  larger  pipes  in 
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this  manner,  but  no  chances  whatever  should  be  taken  in  a 
case  of  this  kind. 

SI.  Bending  Larg^e  Tubing. — When  it  is  necessary 
to  bend  large  tubes,  some  special  device  must  be  used.  The 
one  shown  in  Fig.  28  has  been  found  very  convenient.  This 
consists  of  two  wheels  a  and  d  that  are  arranged  as  shown. 
The  wheel  a  is  clamped  in  a  vise  or  by  means  of  a  special 
clamp.  If  it  is  required  to  bend  greater  angles  than  90°, 
the  vise  or  clamp  must  be  so  located  that  the  lever  c  can 
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make  the  desired  portion  of  a  revoluLion.  The  levor  c  is 
pivoted  to  the  pin  j^  that  i)asscs  through  the  center  of  the 
wheel  (J.  The  lever  c  is  forked  at  the  end  and  carries  the 
wheel  d.  Attached  permanently  to  the  wheel  a  is  a  clamp 
or  yoke  (/  that  is  so  arranged  as  to  hold  the  tube  tangent  to 
the  wheel  a.  The  radius  of  the  wheel  a  must  be  equal  to 
that  of  the  desired  curve,  and  the  outside  of  each  wheel  is 
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turned  to  such  a  form  that  when  each  wheel  is  in  position 
they  barely  allow  the  tube  to  pass  between  them,  thus  pre- 
venting any  tendency  to  flatten  or  buckle  on  the  part  of  the 
metal  that  is  being  bent.  The  clamp  c  is  placed  on  the  tube 
to  be  bent  at  such  a  point  that  it  will  locate  the  point  of 
tangency  between  the  wheels  a  and  b  in  the  desired  position. 
After  the  tube  is  in  place,  the  lever  c  is  carried  around  the 
wheel  a  and  the  pipe  formed  as  desired.  To  remove  the 
bent  tube,  the  pin  //  may  be  removed  to  allow  the  wheel  b 
to  be  taken  out;  or  the  pin  ^  may  be  removed,  thus  allow- 
ing the  entire  lever  c  to  be  taken  away  from  the  wheel  ix. 
The  radius  of  the  larger  wheel  a  is  made  from  ^  to  -^  inch 
less  than  that  of  the  corresponding  radius  of  the  pipe,  to 
allow  for  the  si)ring  when  the  pipe  is  released.  The  wheel  b 
is  made  as  small  as  the  strains  upon  it  will  permit. 
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It  will  be  noticed  that  the  various  Question  Papers 
that  follow  have  been  given  the  same  section  numbers  as 
the  Instruction  Papers  to  which  they  refer.  No  attempt 
should  be  made  to  answer  any  of  the  questions  or  to  solve 
any  of  the  examples  until  the  Instruction  Paper  having  the 
same  section  number  as  the  Question  Paper  in  which  the 
questions  or  examples  occur  has  been  carefully  studied. 


PATTERNMAKING. 

(PART  1.) 


(1)  Give  the  meaning  of  the  term    **  pattern  '*  as  com 
monly  employed  in  the  founding  and  machinery  business. 

(2)  What  material  is  most  commonly  used  for  patterns  ? 

(3)  What  are  the  advantages  and  disadvantages  of  metal 
patterns  ? 

(4)  What  is  a  core  box  ? 

(5)  What  are  core  prints,  and  for  what  purpose  are  they 
placed  on  patterns  ? 

(6)  Why  is  it  necessary  to  season  wood  before  using  it 
in  making  patterns  ? 

(7)  What  precaution  should  be  taken  in  using  sandpaper 
in  patternmaking  ? 

(8)  Why  are  screws  to  be  preferred  to  nails  for  fastening 
the  portions  of  a  pattern  together  ? 

(9)  What  is  the  purpose  of  surrounding  a  glue  pot  by  a 
bath  of  hot  water,  rather  than  placing  it  directly  over  the 
flame  ? 

(10)  Why  are  patterns  given  a  protective  coating  of 
varnish  ? 

(11)  Why  should  sharp  corners  in  patterns  and  castings 
be  avoided  ? 

(12)  What  are  the  advantages  of  leather  fillets  ? 
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(13)  What  can  you  say  concerning  the  use  of  metal 
fillets  in  patternmaking  ? 

(14)  What  is  the  objection  to  wooden  dowels  in  pattern- 
making  ? 

(15)  When  metal  dowels  are  employed,  why  are  brass 
dowels  better  than  iron  ? 

(10)  What  is  the  purpose  of  rapping  plates  on  a  pat- 
tern ? 

(17)  What  are  the  principal  machine  tools  required  in  a 
good  pattern  shop  ? 

(18)  Why  should  all  but  small  patterns  be  made  from  a 
block  composed  of  several  pieces  of  wood  in  place  of  being 
carved  from  a  single  large  piece  ? 


PATTERNMAKING. 

(PART  2.) 


(1)  Define  the  term  draft, 

(2)  What  is  the  average  amount  of  draft  given  to  com- 
paratively small  patterns  ? 

(3)  In  the  case  of  patterns  for  iron  castings,  what  allow- 
ance should  be  made  for  shrinkage  ? 

(4)  What  conditions  govern  the  allowance  that  must  be 
made  for  finish  on  patterns  ? 

(5)  What  are  the  causes  of  warping  in  castings,  and  how 
may  this  evil  be  guarded  against  ? 

(6)  Fig.  1  illustrates  a  required  casting.  Will  a  core  box 
be  necessary  for  this  pattern  ? 

(7)  What  are  the  objec- 
tions to  making  a  turned  pat- 
tern as  a  single  piece  ?  ^'o-  ^• 

(8)  When  a  large  number  of  castings  are  required  from  a 
solid  turned  pattern,  what  special  devices  should  the  pat- 
ternmaker furnish  to  the  molder  to  simplify  the  molding  of 
the  piece  ? 

(9)  How  are  large  cylindrical  patterns  generally  con- 
structed ? 

(10)  In  the  case  of  small  cylindrical  cores,  how  are  the 
core  boxes  usually  made  ? 
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(11)  In   the  case  of  large  cylindrical  and  symmetrical 
cores,  how  may  the  core  boxes  be  made  ? 

(12)  Fig.  2  illustrates  a  special  pipe  casting.     Sketch  the 

necessary  pattern  and 
core  boxes  that  the 
patternmaker  should 
furnish  the  molder 
for  making  this  cast- 
ing, in  case  the  pat- 
tern should  be  wanted 
for  continuous  ser- 
vice, the  pipe  being  a 
comparatively     small 

cast  pipe,   that  is,   for  from  4-inch  to  6-inch  pipe.     Also 

state  what  modifications  you 

would    make  in  the  pattern 

in  case  only  one  casting  was 

required. 

(13)  Fig.  3  illustrates  a  re- 
quired casting.  How  would 
you  make  a  pattern  for  this 
if  only  one  piece  was  required 
and  the  pattern  would  prob- 
ably never  be  used  again  ? 
Also,  how  would  you  make  a  pattern  in  case  it  would  be 
wanted  for  practically  continuous  service  ? 


Fig.  3. 


PATTERN  MAKING. 

(PART  3,) 


of  large  pipe  connections,  such  as  elbows 
or  special  pipe  bends,  where  only 
a  few  castings  are  required,  how 
is  the  expense  of  a  complete  pat- 
tern avoided  and  what  devices 
must  the  patternmaker  furnish 
the  molder  for  making  both  the 
mold  and  the  core  ? 

(2)  If  you  were  called  on 
to  make  the  pattern  and  core 
boxes  for  the  casting  illustrated 
in  the  figure,  what  device 
would  you  furnish  the  molder 
to  produce  this  casting,  when 
a  number  of  castings  were  re- 
quired and  the  pattern  might 
be  called  upon  for  fairly  con- 
tinuous service  through  a  long 
period  ?  Illustrate  by  sketches 
the  construction  of  both  pattern 
and  core  boxes. 

(3)  In  making  the  pattern  for 
a  6-carmed  pulley  or  gear  in  which 
the  arms  were  quite  thick,  what 
kind  of  joints  would  you  make  at 
the  hub  ? 
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(4)  When  a  pattern  consists  of  a  thin  web  on  which 
various  pieces  are  to  be  glued,  as,  for  instance,  a  crank- 
disk,  with  counterbalance  weight,  hub,  etc.,  how  would  the 
grain  in  the  pieces  run  with  reference  to  the  grain  in  the 
web  ? 

(5)  In  what  direction  should  the  grain  run  in  small 
bosses,  as,  for  instance,  those  on  patterns  •  for  valve-gear 
details  for  Corliss-engine  work  ? 

(6)  How  may  small  details  that  project  from  the  body 
of  the  pattern  at  some  distance  from  the  parting  line  be 
arranged  so  that  they  will  not  interfere  with  the  drawing 
of  the  pattern  and  will  not  necessitate  an  additional  part- 
ing line,  as,  for  instance,  the  bosses  or  other  projections  on 
the  steam  chest  of  an  engine-cylinder  pattern  ? 


PATTERNMAKING. 


(PART  4.) 


(1)     The  accompanying  figure  illustrates  a  special  pipe 
fitting  that  is  required.     Show  by  sketch  and  description 
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what  devices  you  would  furnish  the  molder  for  making  this 
casting. 

(2)  When  turning  the  inside  or  face  of  small  built-up 
patterns  in  which  it  is  not  desirable  to  insert  screws,  how 
may  they  be  held  on  the  face  plate  while  being  turned  ? 

(3)  When  wooden  patterns  are  to  be  made  from  which 
metal  patterns  are  to  be  cast,  what  allowance  for  shrinkage 
must  be  made  in  the  wooden  patterns  ? 

(4)  Illustrate  by  sketch  two  methods  of  forming  the 
fillets  in  patterns  at  the  roots  of  gear  and  rack  teeth,  and 
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state  the  advantages  of  each  and  the  conditions  under  which 
you  would  use  each. 

(5)  How  may  the  teeth  in  bevel-gear  or  spur-gear  pat- 
terns be  secured  to  the  body  of  the  pattern  ? 

(G)  Show  by  sketch  how  you  would  lay  off  the  angle  for 
the  teeth  of  a  worm-wheel  in  which  the  worm  was  about 
6  inches  in  diameter,  for  a  pitch  of  1  inch  and  a  double 
thread. 

(7)  What  are  some  of  the  advantages  of  casting  fly- 
wheels in  sections  ? 


FOUNDRY  WORK. 

(PART  1.) 


(1)  What  is  a  flask,  and  of  what  parts  is  it  composed  ? 

(2)  Define  each  of  the  following  :  gate ;  sprue ;  riser. 

(3)  What  is  molding  sand,  and  when  is  sand  said  to  be 
strong,  weak,  sharp,  or  dull  ? 

(4)  What  is  parting  sand  ? 
(5)'   What  is  fireclay  ? 

(6)  Define  the  terms  sieve  and  riddle, 

(7)  Why  should  the  lower  courses  of  a  deep  mold  be 
rammed  harder  than  the  upper  ones  ? 

(8)  Describe  and  illustrate  by  sketch  one  method  of 
venting  a  deep  mold,  and  give  the  advantages  and  disad- 
vantages of  the  method  you  describe. 

(9)  How  are  facing  sands  applied  to  a  pattern,  and  what 
is  the  objection  to  allowing  any  of  the  heap  sand  coming  in 
contact  with  the  face  of  the  pattern,  especially  in  a  deep 
mold  ? 

(10)  How  long  should  a  moderately  light  casting  remain 
in  the  sand  after  it  has  been  cast  ? 

(11)  What  is  a  swab,  for  what  is  it  used,  and  how  can 
the  swab  be  made  from  hemp  ? 

(12)  When  it  is  desired  to  direct  water  to  a  certain  part 
of  a  mold,  what  device  can  be  used  ? 
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(13)  What  is  the  objection  to  rapping  on  a  draw-nail  or 
draw-iron  when  the  latter  is  screwed  into  a  hole  in  the  draw- 
plate  ? 

(14)  What  allowance  has  to  be  made  on  a  pattern  in- 
tended for  a  deep  mold  to  counteract  the  straining  of  the 
mold  due  to  the  great  pressure  of  the  iron  in  the  lower  por- 
tion ? 

(15)  What  is  meant  by  the  term  drafts  and  what  rela- 
tion does  the  allowance  for  draft  bear  to  the  allowance  nec- 
essary on  account  of  the  straining  of  the  mold  by  the  pressure 
of  the  iron  ? 

(IG)  Describe  the  process  of  preparing  a  soft  bed  for 
casting  open-sand  work. 

(17)  How  should  the  bed  intended  for  casting  a  pricked 
plate  be  vented  ? 

(18)  When  it  is  desired  to  mold  a  casting  with  projec- 
tions upon  the  bottom  in  open  sand,  describe  the  two  meth- 
ods by  means  of  which  the  work  may  be  carried  out. 

(19)  How  are  the  bodies  of  sand  intended  to  form  cavi- 
ties in  the  bottom  of  a  casting  vented  ? 

(•^0)  How  are  bodies  of  sand  that  project  at  the  bottom 
of  the  mold  held  in  place  ? 


FOUNDRY  WORK. 

(PART  2.) 


(1)  How  are  patterns  that  require  two  or  more  parting 
lines  molded  ? 

(2)  Describe  the  making  of  a  sand  molding  board. 

(3)  What  are   gaggers  and  what  precaution  should  be 
taken  in  setting  them  ? 

(4)  What  are  soldiers  and  what  precautions  should  be 
taken  in  setting  them  ? 

(5)  How  may  the  sand  about  the  joints  or  corners  of  a 
mold  be  strengthened  ? 

(6)  What  is  the  proper  method  of  applying  the  sand  to  a 
broken  corner  when  patching  a  mold  ? 

(7)  How  should  sharp  and  patched   bodies  of  sand  be 
vented  ? 

(8)  Name  and  describe  the  principal  finishing  tools  that 
a  molder  uses. 

(9)  What  is  a  skin-dried  mold  ? 

(10)  What   precautions   must  be  taken  in   gating  skin- 
dried  molds  ? 

(11)  Describe  a  skimming  gate  and  state  its  use. 

(12)  What  is  a  pouring  basin  and  why  should  the  molder 
take  especial  pains  in  its  preparation  ? 

(13)  Why  must  the  cope  of  a  mold  be  clamped  or  weighted 
down  before  pouring  ? 
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(14)  When  weighting  copes,  practice  has  demonstrated 
that  it  is  necessary  to  put  more  weight  upon  a  cope  than  the 
calculation  would  indicate;  what  reasons  can  you  give  for 
this? 

(15)  When  clamping  molds  is  there  any  objection  to 
driving  the  wedges  under  the  clamps  with  a  hammer;  if  so, 
how  are  the  clamps  tightened  ? 

(16)  What  is  a  chaplet  and  what  are  the  different  kinds 
of  chaplets  in  common  use  ? 

(17)  What  effect  has  rust  and  moisture  on  chaplets  and 
what  precaution  should  be  taken  to  prevent  trouble  from 
these  causes  ? 

(18)  What  is  meant  by  the  expression  **the  drawing 
down  of  the  cope  *'  and  how  may  this  be  prevented  ? 

(19)  What  causes  are  there  that  prevent  castings  from 
being  solid  and  uniform  throughout  ? 

(20)  How  can  blowholes  or  shrink  holes  in  castings  be 
avoided  ? 

(21)  What  is  bench  molding  and  what  are  its  advantages  ? 

(22)  What  is  a  snap  flask,  for  what  is  it  used,  and  what 
are  its  advantages  ? 

(23)  What  are  the  chief  advantages  in  using  a  molding 
machine  for  light  work  ? 

(24)  What  is  the  object  of  using  a  protection  coating  on 
the  face  of  a  mold  ? 

(25)  What  material  is  generally  used  for  blackening  a 
mold  ? 


FOUNDRY  WORK. 

(PART  3.) 


(1)  What  is  a  core  ? 

(2)  (a)  What  are  core  barrels  ?  (d)  How  are  they  con- 
structed ?     (c)  How  are  core  barrels  used  ? 

(3)  Describe  the  process  of  making  a  large  cylindrical, 
green-sand  core. 

(4)  How  are  dry-sand  cores  made  and  vented  ? 

(5)  What  is  the  object  in  making  cores  in  halves  and 
subsequently  pasting  them  together  ? 

(6)  {a)  What  is  the  object  of  blackening  cores  ?  {d)  What 
material  is  used  for  blackening  the  cores  ? 

(7)  What  kinds  of  sand  are  used  in  core  making,  both 
for  heavy  and  light  dry-sand  cores  ? 

(8)  Name  two  materials  used  as  binders  in  core  making 
and  state  the  advantages  of  each. 

(9)  How  do  the  flasks  used  for  dry-sand  work  differ 
from  those  used  for  green-sand  work  ? 

(10)  What  is  a  fin  in  a  casting,  and  why  do  the  castings 
made  in  dry-sand  molds  generally  have  larger  fins  than 
those  made  in  green-sand  molds  ? 
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(11)     How  does  the  process  of  making  loam  molds  differ 

from    that   of    making   green-sand 
and  dry-sand  molds  ? 

(12)  Describe  the  appliances 
necessary  and  the  method  of  pro- 
cedure of  making  a  loam  mold  for 
producing  a  cylindrical  casting  as 
shown  in  the  accompanying  figure, 
describing  the  process  step  by  step 

^'0' ^  and    illustrating   by  sketch    where 

1     necessary. 

(13)  What  is  the  object  in  ram- 
ming sand  behind  the  brick  backing 
of  a  loam  mold  ? 

(14)  What  is  meant  by  a  chilled 
casting  ? 

(15)  Must  chilled  castings  be 
produced  in  one  kind  of  mold,  or 

can  either  dry-sand  or  green-sand  molds  be  used  ? 


5i 
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(PART  4.) 


(1)  Name  and  give  the  general  characteristics  of  the 
two  kinds  of  furnaces  used  in  melting  iron. 

(2)  What  are  the  tuyeres  of  a  cupola  furnace,  and  how 
should  the  area  of  the  tuyeres  compare  with  the  sectional 
area  of  the  inside  of  the  cupola  ? 

(3)  What  effect  has  the  height  of  the  tuyeres  above 
the  tap  hole  on  the  length  of  time  it  is  possible  to  keep 
a  furnace  in  blast  ? 

(4)  What  is  a  slag  hole,  what  is  its  object,  and  how 
should  it  be  located  ? 

(5)  What  is  the  advantage  of  upper  tuyeres  ? 

(6)  Why  are  cupolas  lined,  and  of  what  does  the  lining 
consist  ? 

(7)  How  should  a  new  lining  in  a  cupola  be  dried  ? 

(8)  What  is  meant  by  the  melting  zone  of  a  cupola, 
and  where  is  it  located  in  relation  to  the  tuyeres  ? 

(9)  What  precaution  should  be  taken  in  daubing  a 
cupola,  especially  in  repairing  the  lining  at  the  melting 
zone  ? 

(10)  What  material  is  used  in  making  the  bottom  of  a 
cupola,  how  is  it  placed  in  position,  and  what  should  be 
the  general  form  of  the  bottom  ? 

(11)  Describe  one  method  of  making  a  breast  and  tap 
hole  for  a  cupola. 
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2  FOUNDRY  WORK.  §  38 

(12)  Describe  the  starting  of  the  fire  in  the  cupola  and 
the  charging  of  the  fuel. 

(13)  If  too  little  fuel  is  placed  between  the  charges  of 
iron,  what  will  be  the  effect  ? 

(14)  How  can  two  or  more  grades  of  iron  be  charged 
in  the  same  heat  without  danger  of  mixing  ? 

(15)  What  is  meant  by  the  **  slagging  out  *'  of  a  cupola  ? 

(10)  What  are  some  of  the  fluxes  used  for  slagging 
out  a  cupola  ? 

(17)  What  are  the  two  classes  of  machines  most  com- 
monly used  for  producing  the  blast  for  a  cupola,  and  in 
what  respect  do  they  differ  ? 

(18)  What  are  the  tools  used  both  for  tapping  and  for 
stopping  a  cupola,  and  what  precautions  should  be  taken 
during  this  work  ? 

(19)  What  is  coke,  and  how  is  it  made  ? 

(20)  What  is  the  advantage  of  coke  over  anthracite 
coal  for  use  in  melting  iron  ? 

(21)  How  may  small  quantities  of  iron  be  melted  ? 


FOUNDRY  WORK. 

(PART  5.) 


(1)  How  does  iron  occur  in  nature  ? 

(2)  What  is  cast  iron,  and  how  does  it  differ  from  pure 
iron  ? 

(3)  What  fuels  are  used  in  the  blast  furnace  in  the  man- 
ufacture of  iron,  and  what  are  the  advantages  of  each  ? 

(4)  How  does  blast-furnace  practice  differ  from  cupola 
practice  in  regard  to  the  pressure  and  temperature  of  the 
blast  used  ? 

(5)  From  what  source  does  cast  iron  derive  its  carbon  ? 

(6)  What  are  the  advantages  of  casting  pig  iron  in  iron 
molds  ? 

(7)  Is  the  metal  obtained  from  any  one  cast  from  a  blast 
furnace  uniform  in  composition,  and  if  not,  what  elements 
vary  most  ? 

(8)  In  controlling  cupola  mixtures  by  analysis,  what 
elements  require  the  closest  attention,  and  is  it  necessary  to 
make  determinations  for  all  the  elements  when  using  a 
given  brand  of  iron  from  a  given  furnace  ? 

(9)  What  is  ferrosilicon,  and  for  what  is  it  useful  ? 

(10)  Tell  what  effect  carbon  has  on  cast  iron ;  also,  what 
effect  the  rate  of  cooling,  etc.  has  on  the  carbon  contained 
in  the  iron,  and  whether  or  not  these  changes  affect  the 
physical  characteristics  of  the  iron. 
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2  FOUNDRY  WORK.  §  39 

(11)  For  regulating  foundry  mixtures,  which  element  is 
it  best  to  select  to  neutralize  the  effects  of  other  elements 
that  might  injure  the  grade  of  the  iron  ? 

(12)  What  effect  has  phosphorus  on  iron  ? 

(13)  What  effect  has  manganese  on  iron  and  why  is  it 
good  practice  to  use  a  high-manganese  iron  when  forced  to 
use  high-sulphur  fuel  in  a  cupola  ? 

(14)  If  you  were  running  a  foundry  a  long  ways  from 
the  pig-iron  market  and  were  forced  to  rely  largely  on  car- 
wheel  scrap  for  your  iron,  would  you  separate  the  chilled 
face  of  the  wheels  from  the  hubs  when  making  soft  foundry 
mixtures  or  would  you  use  all  the  car-wheel  scrap  together, 
the  car  wheel  being  made  of  a  good,  gray,  charcoal  iron 
with  chilled  faces  ?     Give  reasons  for  your  answer. 

(15)  If  iron  is  remelted  repeatedly,  what  is  the  effect  on 
it  ?     Answer  fully. 

(IG)  In  mixing  iron,  is  it  advisable  to  analyze  scrap  iron, 
and  if  not,  how  should  it  be  graded  ? 

(17)  Tell  in  what  position  test  bars  should  be  cast,  and 
tell  why  this  is  necessary. 

(18)  What  form  of  test  bar  is  considered  best  for  the 
general  run  of  iron,  and  what  are  the  smallest  sizes  that 
should  be  used  ? 

(li))  What  is  meant  by  the  term  *' contraction  "  as  ap- 
plied to  cast  iron,  and  how  may  the  contraction  be  deter- 
mined ? 

(20)  If  a  founder  has  two  brands  of  iron,  one  of  which 
contains  .85  per  cent,  silicon  and  the  other  contains  1.G5  per 
cent,  silicon  and  he  desires  to  make  a  mixture  containing 
1.2  per  cent,  silicon,  what  proportions  of  the  brands  should 
he  use  in  the  mixture  ? 

Ans.  45  lb.  of  the  iron  containing  the  smaller  percentage 
and  35  lb.  of  the  iron  containing  the  larger  percentage. 
(See  rule  in  Art.  64.) 


FOUNDRY  WORK. 

(PART  6.) 


(1)  Why  must  finer  sand  be  used  in  the  molds  intended 
for  brass  castings  than  for  those  intended  for  iron  castings  ? 

(2)  What  are  the  objections  to  ordinary  parting  sand  in 
molds  for  brass  castings,  and  what  substitutes  are  com- 
monly used  for  it  ? 

(3)  Under  what  circumstances  does  it  become  necessary 
to  use  dry-sand  or  loam-jnolds  for  brass  or  bronze  castings  ? 

(4)  Describe  a  simple  furnace  used  for  melting  brass. 

(5)  When  a  cupola  is  used  for  melting  brass,  what  are 
the  objections  to  mixing  the  different  metals  composing  the 
alloy  before  they  are  passed  through  the  cupola  ? 

(6)  How  are  the  crucibles  or  pots  used  in  melting  brass 
or  bronze  handled,  both  into  and  out  of  the  furnace  and 
when  pouring  the  metal  ? 

(7)  In  case  brass  or  bronze  has  become  more  or  less 
oxidized,  what  means  can  be  used  for  remedying  the  evil 
and  reducing  the  oxide  to  the  metallic  state  ? 

(8)  What  is  brass  ? 

(9)  What  is  bronze  ? 

(10)  What  is  Babbitt  metal  ? 

§40 

Copyright,  1901,  by  The  Coli.ikry  Enoinkek  Co-mpany. 

Entered  at  Stationers*  Hull,  Loudoiv. 

All  rights  reserved. 


\ 


2  FOUNDRY  WORK.                             §  40 

(11)  How  may  phosphorus  be  introduced  into  a  metallic 
alloy  ? 

(12)  What  effect  has  antimony  on  alloys  ? 

(13)  What  precaution  should  be  taken  in  regard  to   the 
care  of  crucibles  ? 

(14)  What  effect  has  bismuth  on  alloys  ? 


BLACKSMITHING  AND  FORGING. 

(PART  1.) 


(1)  What  is  wrought  iron  and  how  is  it  made  ? 

(2)  What  is  steel,  and  in  what  respects  does  it  differ 
from  wrought  iron  ? 

(3)  What  is  tool  steel,  and  how  docs  it  differ  from  soft 
or  mild  steel  ? 

(4)  About  what  is  the  percentage  of  carbon  in  each  of 
the  following:  Cast  iron,  tool  steel,  mild  steel,  and  wrought 
iron  ? 

(5)  What  is  the  objection  to  a  fuel  that  contains  either 
sulphur  or  phosphorus,  and  what  effect  have  these  two 
elements  on  the  iron  ? 

(6)  What  is  the  tuyere  of  a  forge  ? 

(7)  If  bellows  are  used  for  producing  a  blast,  what  pre- 
caution should  be  taken  to  increase  the  life  of  the  bellows  ? 

(8)  Describe  a  simple  device  by  means  of  which  the 
blast  pressure  may  be  measured. 

(9)  How  are  blacksmiths'  hammers  classified,  both  ac- 
cording to  the  weight  of  the  hammer  and  according  to 
the  peen  ? 

(10)  Describe  the  blacksmith's  anvil  and  tell  how  it 
should  be  set. 

(11)  What  precautions  should  be  taken  in  setting  a 
hammer  handle  into  the  head  ? 
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3  BLACKSMITHING  AND  FORGING.  §  41 

(12)  Describe  each  of  the  following,  and  state  for  what 
it  is  used:     Flatter,  fuller,  swage,  punch,  cutter. 

(13)  Name  and  describe  briefly  four  of  the  principal 
forms  of  tongs  used  in  blacksmith ing. 

(14)  What  is  a  swage  block,  and  how  is  it  used  ? 

(15)  How  should  the  jaws  of  a  vise  be  protected  when 
handling  hot  work,  and  how  may  the  finished  work  be  pro- 
tected from  the  jaws  of  the  vise  ? 

(IG)  Name  and  describe  the  fire-tools  commonly  used 
about  a  forge. 

(17)  Describe  one  method  of  starting  a  fire  in  a  black- 
smith's forge. 

(18)  What  is  a  hollow  fire  and  what  are  its  advantages? 

(19)  What  is  the  best  heat  at  which  to  work  iron  under 
the  hammer  ? 

(20)  What  is  the  effect  of  hammering  iron  after  it  is 
cold? 


BLACKSMITHING  AND  FORGING. 


(PART  2.) 


(1)  {a)  What  is  the  object  in  crowning  the  face  of  an 
anvil  ?      (b)  In   what    direction    is    it 
crowned  ? 

(2)  Describe  one  method  of  making 
a  figure-eight  link  like  that  shown  in 
Fig.  1. 

(3)  What  precautions  must  be  ob- 
served in  drawing  down  square  stock  ? 

(4)  If  a   wrought-iron   gear   blank   like   that   shown    in 

Fig.  2  were  required  and  the  only  avail- 
able stock  was  a  solid  disk  3  inches  thick 
and  11^  inches  outside  diameter,  how  could 
the  required  piece  be  made  from  the  stock 
given  ?     Describe  fully. 

(5)     What  is  meant  by  the  term  tipsct- 
ting  ? 

(0)     Describe    one    process    of    making 
bolts  having  hexagonal  heads. 

(7)  If  a  lathe  spindle  were  required  like 
the  accompanying  drawing  and  the  largest 
piece  of  steel  available  was  a  3-inch  bar,  describe  one  method 
of  forging  the  spindle  from  the  stock  given,  the  dimensions 

Copyright,  1901,  by  THE  Colliery  Englnker  Company. 

Entered  at  Stationers'  HaV\,  \>oT\doti. 

All  rights  reserved. 


Fig.  2. 


BLACKSMITHING  AND  FORGING. 


8*2 


given  being  the  finished  dimensions,  and  it  being  necessary 


IL 
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for  the  blacksmith  to  allow  sufficient   stock  so   that '  the 
spindle  may  be  tnied  up. 

(8)  What  is  meant  by  the  term  ivelding  ? 

(9)  What  effect  on  a  weld  has  the  scale  or  oxide  of  iron 
that  forms  upon  the  surface  of  a  piece  of  iron  or  steel,  and 
what  precautions  can  be  taken  to  counteract  the  effect  of 
this  oxide  ? 

(10)  Describe  the  making  of  a  scarf  weld. 

(11)  Fig.  4  illustrates  a  wrought-iron  frame.  Describe 
one  process  of  forging  a  single  frame  according   to   this 


14 


Fro.  4. 

of  the  frame 


drawing,  the  ontsidi 
inilicated  by  the  full  lines, 

(12)     If   in  the  above  drawing  the 
rounded,  as  shown  at  a 
this  make  in  the  method 
(i;f)     If    five    hundred 
tratcd   abo 


be  ill 


sharp,  , 


jld  be  left 
what  changes  would 
if  forging? 
of  the    frames    illus- 


were  required  in  place  of  one, 
what  s])ccial  device  could  he  fitted  up  to  sim- 
plify the  forging? 

(M)  If  a  single  pin  of  the  form  shown  in 
Fig.  5  were  required,  describe  one  method  for 
forjriug  it,  and  stale  what  slock  would  be  re- 
quired. 


BLACKSMITHING  AND  FORGING. 

(PART  8.) 


(1)  {a)  Describe  one  process  of  forging  a  pair  of  tongs 
suitable  for  holding  square  or  round  work,  {b)  State  what 
stock  will  be  required. 

(2)  What  is  electric  welding,  and  how  is  it  done  ? 

(3)  What  distinguishes  tool  steel  from  mild  steel  or 
wrought  iron  ? 

(4)  What  is  meant  by  the  term  annealing  f 

(5)  What  is  meant  by  the  term  hardenutg? 

(6)  What  is  meant  by  the  term  tempering? 

(7)  Describe  in  detail  one  process  of  making  and  tem- 
pering a  flat  chisel. 

(8)  If  you  were  called  upon  to  forge  an  offset,  right-hand, 
diamond-pointed  lathe  tool,  describe  the  process  that  you 
would  use,  stating  the  number  of  heats  that  would  be 
required. 

(9)  When  hardening  steel,  what  methods  may  be  used  to 
insure  even  heat  in  the  metal  ? 

(10)  What  is  the  object  of  hardening  and  tempering  in 
oil? 

(11)  (a)  What  is  self-hardening  steel  ?  {b)  How  does  it 
differ  from  ordinary  tool  steel  ? 
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2  BLACKSMITHING  AND  FORGING.  §  43 

(12)  Describe  the  process  of  welding  steel  to  iron. 

(13)  ^hdit  IS  case-hardefiing  f 

(14)  Describe    the   two   methods   of    case-hardening    in 
common  use. 

(15)  What  are  the  two  methods  of  annealing  tool  steel  in 
common  use,  and  what  advantages  has  each  ? 


BLACKSMITHING  AND  FORGING. 

(PART  4.) 


(1)  Into  what  two  general  classes  can  the  machines  used 
for  forming  metal  be  divided  ? 

(2)  What  is  the  steam  hammer,  for  what  is  it  used,  and 
how  is  it  operated  ? 

(3)  What  is  a  drop  hammer,  and  how  is  it  operated  ? 

(4)  What  are  drop  forgings,  how  are  they  made,  and  what 
advantages  has  this  system  over  the  forging  of  the  individual 
pieces  separately  ? 

(5)  What  is  a  bulldozer,  and  for  what  is  it  used  ? 

(6)  What  fuels  are  used  in  heating  furnaces  for  preparing 
iron  or  steel  for  hammers  or  other  machines  ? 

(7)  Describe  a  reverberatory  furnace  and  state  the  ad- 
vantages it  has  over  other  forms. 

(8)  What  fuels  may  be  used  in  the  reverberatory  furnace  ? 

(9)  How  may  the  waste  heat  from  a  reverberatory  fur- 
nace be  utilized  ? 

(10)  In  case  you  had  to  handle  heavy  pieces  from  a  fur- 
nace to  a  hammer,  the  two  being  near  together,  what  style 
of  crane  or  hoisting  device  would  you  use  ? 

(11)  In  case  you  had  to  handle  material  from  one  furnace 
to  several  hammers  or  machines,  or  from  several  furnaces 
to  several  machines,  what  style  of  hoisting  and  handling 
machinery  would  you  install  ? 
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2  BLACKSMITHING  AND  FORGING,  §  44 

(12)  What  advantage  has  the  reamer  over  the  drift  pin 
in  preparing  holes  for  rivets  ? 

(13)  What  two  classes  of  riveting  machines  are  there  in 
use  ? 

(14)  What  is  a  rust  joint,  and  how  may  it  be  formed  ? 

(15)  What  is  meant  by  the  term  soldering? 
(IG)     What  is  meant  by  the  term  sweating? 

(17)  What  is  meant  by  the  term  brazing? 

(18)  What  two  classes  of  solders  are  there,  and  of  what 
is  each  composed  ? 

(10)     Name  and  describe  the  tools  used  for  soldering. 

(20)     What  precautions  are  taken  to  prevent  brass  or  cop- 
per tubing  flattening  while  it  is  being  bent  ? 


INDEX. 


Note. — All  items  in  this  index  refer  first  to  the  section  (see  Preface,  Vol.  I)  and  then 
to  the  page  of  the  section.  Thus,  ''Annealing  48  34"  means  that  annealing  will  be 
found  on  page  81  of  section  48. 
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